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ABSTRACT 


The oligosaccharide portions of the gangliosides asialo- 
Guo (BDGalNAc (1+4) BDGal (1+4) BDGlc-OCeramide) and asialo-G,,, 
(8DGal (1+3) BDGalNAc (1>4) BDGal (1>+4) BDGlc-OCeramide) were syn- 
thesized as their 8-methoxycarbonyloctyl glycosides suitable 
for the preparation of artificial antigens and immunoadsorb- 
ents. The key steps in these syntheses involved the glyco- 
sylation of the 4'-hydroxyl group of suitably protected 
lactose derivatives with the appropriate acetylated 2-deoxy- 
2-phthalimido glycosyl bromides. 


The conformational properties of the synthetic tri- and 


tetrasaccharides were examined by nuclear magnetic resonance 


(nmr) including the determination of ae and 13¢-chemical 
shifts and eee) nuclear Overhauser enhancements. 
is 


The C-chemical shifts of a biological sample of Cul 
(8DGal (1+3) BDGalNAc (1+4) [aDNeuNAc (273) ] BDGal (1+4) BDG1c-O- 
Ceramide) can be rationalized on the basis of those observed 
for the synthetic tetraseccharide and methyl N-=acetyi=abD-— 
neuraminic acid. This observation indicates that no impor- 


tant conformational change occurs on sialylation of the 3'- 


position of asialo-G,,,- 
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Through the use of computer assisted hard-sphere exo- 
anomeric (HSEA) calculations, molecular models were produced 
for the oligosaccharide portions of asialo-G 


and G,,, which 


Ml Ml 
are in accord with the observed nmr parameters. These models 
are presented as their CPK projections and are discussed in 
terms of the topographical features which are expected to 


mediate their interaction with antibody and lectin combining 


sites: 


vi 
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I. INTRODUCTION 


A. Gangliosides 
The substances known as gangliosides are a group of 
acidic glycolipids that were first characterized by Klenk?, 
He isolated these compounds from the brains of patients 
suffering from amaurotic familial idiocy and Nieman Pick di- 
eee Since Klenk could demonstrate the presence of 
these glycolipids only in the grey matter, he named these 
pena vvostdess it was not until 1953 that the presence of 
gangliosides in cells other than that of grey matter 
was established.> Subsequently in 1956, Svennerholm demon- 
Strated the presence of more than one type of ganglioside 
in brain cells by a modified extraction procedure. © 
The isolation, purification and structure elucidation 
of the gangliosides was first investigated by three inde- 


Ley ras) Oat 
pendent groups led by Klenk, ’ ' Svennerholm, f a 
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nd 
Kuhn and Wiegundt. Based on acid hydrolysis and partial 
methylation studies, Svennerholm proposed in 1962 the 
sequence of the sugar units in the neutral cores of the two 
Gangliosides known as GM) and GM,» In 1963, Kuhn and 
Wieganat’? elegantly accomplished the complete structure 
elucidation of the substance which had been termed GM, - 


Since then, the field has attracted many workers and to date 


the structures of over forty different gangliosides are 
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It is now well established that the gangliosides (1) 
are complex glycosides of the lipid known as ceramide (1 with 
5 2 
R= H, R' = ~C- (CH) _-CH,) which is a derivative of sphingo- 


Sine wiererpDother and R" of structure’ wares hydrogens. 


icin 
a R = oligosaccharide 
H-C-OH Q 
[ Bt eee (Cue eaCle 
CH,-(CH,) 1, -CH, 


The oligosaccharide portion of the ganglioside is composed 
of neutral sugar units that are glycosidically linked to 
form a linear core structure to which one or more residues 
of the acid ketose, known as N-acetyl neuraminic acid 
(NeuNAc residues), are glycosidically attached. 

All the gangliosides isolated so far from the brain 
tissues contain only N-acetyl neuraminic acid (2) whereas 
the same gangliosides of membrane erythrocytes have been 
reported to contain N-glycolyl neuraminic acid (Seas 
Removal of the NeuNAc residues of gangliosides provides the 
neutral glycolipids known as asialo gangliosides. The term 


"asialo" was derived from the term sialic acid which is a 
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trivial name for both N-acetyl neuraminic acid and N-glycolyl 
neuraminic acid. The core oligosaccharides of asialo gangli- 
osides begin with a B-lactosyl unit (8DGal(1*4)BDGlc) to 
which a pDGal unit or a 8DGal(1+3)@DGalNAc unit is attached 
ue ene 4—-positron Of the ~6DGal unit of the: lactose’ residue 

(4 - 6). The sialic acid residues are attached to these core 
structures in two patterns; namely, the 3-position of the 

Gal unit of the lactose or the terminal galactose of the 
structure 6 Or both. 

This thesis is concerned only with the gangliosides 

which contain the NeuNAc form of sialosides. These gangli- 
osides have been found to contain 1 to 7 NeuNAc residues. 
In the case of brain tissues, an average of 2 - 2.5 NeuNAc 
residues aaieece cnt a The composition of gangliosides is 
exemplified by the structures which are presented in 
Scheme I in terms of their biosynthetic eae nes ae The 
structures termed GD,, GD. and GD, , illustrate, the fact 
that the gangliosides can contain oligomers of NeuNAc as 
Sadevcnhains “of she nevtral core. 

As shown in Scheme I, the NeuNAc residues are present 


as a-D-glycosides. This structural feature can be appre- 


Gilated fromthe structural formula 7 for the simple gangli- 


oside GM... 
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Ceramide 


GM, (aDNeuNAc (2>+3) 8DGal (1+4) BDGlc-OCer 


It is noteworthy that the a-sialosides have the carboxyl 
group in axial orientation. As a consequence, the glycosidic 
linkage is extremely acid labile. Also, this structural 
feature contributes the problem of establishing the a- 
glycosidic linkage by chemical means. 

The nomenclature used in the biosynthetic Scheme I 
will be used throughout this thesis. This nomenclature was 
first presented in 1963 by Shean ome oe! This terminology 
uses "G" to state that the structure is a ganglioside and 
che terms M (mono) ...D»(Gi ipwlaltGihes etenh, aerehroeindzecate 
the number of NeuNAC residues. The arabic numbers 1 to 3 
indicate the number of sugars in the neutral core chain, 
except that for historical reasons these numbers are used in 


reverse in that 1 refers to the tetrasaccharide (6), 200 


the trisacchariae (5). and, 3.\to the; lactosyd istruucture (4)c 
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The lower case letters a and b are used only to name ganglio- 
sides when these are derived from the tetrasaccharide neutral 
core. Since the NeuNAc residues are found to occur only at 
Ene 3-PoOSitions of BPGalwunits, the letter ‘a’ is used to 
indicate the presence of only one NeuNAc residue at ee 3'- 
Postion or the 8bGal unit of the lactosyl group. When the 
Gangliosmdeshas a CGimer of NeuNAc at.this position, the 
letter 'b' is used, and so on. Besides the above nomencla- 
ture system, the reader should be aware of the recent recom- 
mendation by the IUPAC-IBC commission for the designation 

of Fang ass. For example, according to this system, 
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the ganglioside Gur would be referred to as II NeuNAcGgOSe,. 


PeOCCULrTence. and iDUSLribution of Gangliosides 


Although most of the gangliosides isolated so far are 
from the brain tissues, these compounds are widely distributed 
in the tissues of mammals and perhaps all Verbena toons In 
Acusaswelne Gney matter contains as much as three Cimes more 
Gangliosides than thoSe which are ‘contained by the 
white matter. As illustrated in Table 1, the gangliosides 


Gud and higher members are present to a greater extent than 
iby 


the gangliosides Giro ‘eye Gu3° 


The relationship of the gangliosides to other glyco- 


lipids that occur in tissues is, in part, presented in 
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Table 1. The ganglioside content in brain tissues of 
VerLebrates, reproduced from an article, "Gang- 
: : By i] 
~rosides”, by L.’ Svennerholm. 
Total NAN 
ug/g wet Distribution of NAN % 
Material weight Gua Gua Gp2 Gua Gove Gow Gri Goi 
Human 
Cerebral cortex 
Fetus 5 months 300 
Newborn 400 1.0 3.6 1a 14.6 71.6 1.8 eS 
2.5 months-8 yr 
(6 cases) 738 1.0 2.3 4.0 14.2 42.5 a7 15.9 3.6 
3-5 yr (7 cases) 686 
8 yr 797 3.6 17.4 39.4 19.8 15.9 2.9 
44 yr 1.002 1.3 les 22.4 28.3 29.9 5.9 
73 yr 7196 WF 12.8 22.8 25 ail 22 Sa 
60-90 yr (40 cases) 846 
White matter 
Newborn 400 1.0 6.9 1.4 19.1 57.8 7) 3.4 
2.5 months— 
8 yr (6 cases) 60 1.0 125 Je5 16.1 38.5 11.6 18.1 8.2 
3-5 yr (7 cases) 269 
8 yr 73 le? 20.4 42.9 1255 16.0 5.9 
44 yr 156 1.0 8 14.0 31.4 38.2 6.4 
73 yr 191 1.9 12.6 18.4 30.4 27.9 7.9 
60-90 yr (16 cases) SZ 
Ox 
~ Cerebral cortex 940 
497 2.0 15 39 15 22 6 
White matter 210 
102 26 35 15 20 4 
Rat (adult) 1.047 1e2 13.0 Bal 20.3 2oeS 6.0 
Mice 640 
Guinea pig 425 
Rabbit 
Cerebral cortex 497 3 15 38 16 z3 5 
Hen 590 
Chicken 590 
Chicken embryos 
5 days 23 
8 days 119 
13 days 233 
18 days 314 
21 days 605 
Chicken hatched 2 days 660 
Turtle 220 
Snake 320 
Frog 220 
Fish 370 


Scheme 2. It is seen that, in addition to gangliosides, 
lactosyl ceramide (Lac-Cer) serves as a building unit of 


Many different kinds-of.glycosphingolipids. 


ee Function of Gangliosides 
ie Receptor for neurotransmitters 

The presence of at least one sialic acid residue 
appears to be one of the requirements for many of the ons 
served biological functions of gangliosides.?? Since the 
gangliosides are localized at the nerve terminals, it has 
been proposed~° that these provide receptor sites for the 
cations, especially the calcium ions. Also, it has been 
found that there is a strong and highly specific interaction 
between gangliosides and serotonin.-* Besides serotonin, 
gangliosides have been reported to bind tryptamine, lysergic 
acid diethyl amide, ergotometrine, strychnine and brucine, 


2 
all of which are known to affect the central nervous system. 


Dis Gangliosides as cell-surface membrane receptors 
The interaction between gangliosides and a protein 
or glycoprotein is one of the most extensively studied areas 
of ganglioside chemistry. 
Van Hava indent first reported that the ganglioside al 


binds cholera toxin and thereby blocks its physiological 


action. Later, by chemical modification and labelling 
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studies, other independent groups confirmed this con- 


clusion. The toxin seems to be very specific for Gu even 


1 
in the presence of other gangliosides. 

Tetanus toxin (inhibitor of neurotransmitters at the 
nerve terminals) was found to bind to the presynaptic nerve 
ending<° and thais,has been, attributed .to the presence of 


the gangliosides G G and G lb WNIiChAane. Gach in etnese 


Dip eeerl FD Q 

membranes.+?722 The maximum binding of the toxin by the gang- 
liosides requires the presence of at least two sialic acid 
residues to be attached as oligomers to the inner galactose 
residue of the tetrasaccharide unit of asialo Gul: 

The binding capacity of gangliosides with toxins seems 
Eorexhibit agremarkabletstructunal, specificity... ..For.-example, 
in contrast to tetanus toxin, the binding of the sendai 
virus needs two sialic acid residues in the outer galactose 
of the neutral oligosaccharide core.*?'°9 this virus aggluti- 
nates human erythrocytes. Since the agglutination is 
inhibited by Ege a eee ae the presence of the gangliosides 
Potindicated J) ssAlso/# therevare reports «which»suggest.that 
the receptor site for human and fibroblast interferon and 
botulinum eee are bound by carbohydrate portions of 
gangliosides. 

Gangliosides are established to bind glycoprotein hor- 


pine sets > including the thyroid stimulating hormone, 


luteinizing hormone, human chorionic gonadotropin and 


.ids Dente tae, in B 
wt JiteseqE ‘yea at « aagos clxoy al 
~ abiastredee: yedto 30 208d 
af) 25 27327202 ARR ORIG) ches ai 


vu adgdy Gree of Bae? sow 


hy 
a oda ag ete aoad hod wide bow # 


‘asp ats yd dix ioe to > pie ngatinom at pee, 


eo) 


bint. Stele wis-adeelele 2 eehieaig ots evniwont a 
worcelay tsngk ods oF aces ae hotienasn ed a, 
0 olsies io 284d Secunieamme neal aad 


Wie 


oe) watdeqe> 
Btmes eileos div eebEgo hones 1S, yaeqen 


<sitmaxs VIisisiosae eae 


SO%e2 ofg ta pribied oes ita 
| | 2 
2696167 t87/6¢°9 gist Ar esnbieae Nae % 


aL SARE cowie gl rat 


2% ols ebiel op Aes ents seine anil 
aebéact Levdp aii ta sprsedein sats 9 potizedt ponee: . as 
28i7 Je9acue Sukie Rat éicban whe 19% (aha: parsing 
Ade a ee ic xieidorars Tas, echatustt a0] etfé me 73 ne x ats 
io aehiaredy « ialivAcdts> ya rived ore Saunas tty * _ 

— akoioigayty Hecke Oe, Baikal 7 abt 7, | od 
intend pal eae 


fe 


& 
B 
a 
a, 


i 


follicle stimulating hormone. This subject has recently 
been reviewed by Brady et a1.*® ana by Kohn et Bale” 

A detailed study of the mechanism of ganglioside inter- 
action with hormones and toxins indicates a remarkable 
Similarity in the amino acid sequence in the receptor site of 
these glycoprotein molecules. The available evidencel® 
Suggests that complex formation activates the enzyme 
adenylate cyclase. Brady and Fishmant® have suggested a 
possible correlation between the adenylate cyclase activ- 
ity and the cell growth. A change in composition of gang- 
liosides which has been observed in many human cells may 
make the adenylate cyclase enzyme in these cells less sensi- 
tive to undetermined physiologic stimuli that interact with 
ganglioside receptors. These stimuli may be serum factors 
in substances secreted by cells that are involved in the 
regulation of the growth of normal cells. In addition, mem- 
brane components on the surface of the cell could interact 
specifically with surface gangliosides of another cell. 

Tavs associatton would léad “in turn to" a stimulationsor 
adenylate cyclase and the subsequent change in cell growth. 

Mingely, tt 1S OL interest to note that the immunity 
Gf the natural Killer cell against the viral attack has 
been related to the presence of asialo eae It has been 


reported that the treatment of these killer cells with anti- 


asialo-G,,, antibody results in a reduction of the killer 


cell activity and an enhancement of the tumor growth. 
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Bie Disease 
es Cancer 


A number of reviews have appeared in recent 

veers ot which show that oncogenic transformations may be 
accompanied with changes in the glycolipids present on the 
plasma membranes. In this regard, asialo-G,,. has been 
implicated as a tumor associated antigen since it could be 
detected at the surface of certain tumor ee eee Prelimi- 
nary experiments indicate’- that the treatment of these 
tumor cells with anti-asialo-G,,. antibodies completely 
Suppressed the tumor growth. 

The simplest member of the ganglioside family, asialo- 
C3 (8DGal(1+4) 8DGlc-Cer) has been implicated asa cell 
surface marker of human pet nophed can and found at increased 
levels in human mylogenous leukemia ees The disialosyl 
gangliosides Goo and Gp 3 have been characterized as tumor 
markers in cells of melanoma and other human euro asia wee 
Interestingly, ep acd fucoganglioside (fuco-asialo-G,,,) 
with blood group activity has been detected in highly 


45 
malignant rat hepatoma cells. 


2 Gangliosidosis 


A number of neurologicai disorders are accompanied 


by a disturbance in the ganglioside pattern in brain tis- 


sues. 46 One of the earliest discoveries is the "infantile 
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G gangliosidosis" which results in the accumulation of Gu 


M2 2 
46 ; 

and asialo-G,,, in nervous tissues. Similarly, accumulation 

OL Gui (Ga gangliosidosis) results in a neurological dis- 


, 46 a 
order—in infants. These storage diseases are due to the 
absence of certain glycosidase enzymes which are involved in 


the catabolism of gangliosides.*/"4° 


as Cholera 
It has been proven beyond any doubt that this 


disease results from the specific binding of the cholera 
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toxin to the ganglioside Gui? 


E. Synthetic Goals 

In order to better understand the biological significance 
of these gangliosides, an acceptable supply of these materials 
is needed. The availability of these materials from biologi- 
cal sources is very limited. Furthermore, the substances are 
often contaminated by other members present in the same bio- 
logical source and which cannot be removed by presently 
available techniques for separation. This is especially a 
serious problem in the immunochemical studies of gangliosides 
with specific Sen acuse: oe Chemical synthesis can, in many 
cases, be expected to provide well-defined chemical struc- 


tures in adequate amounts. ~~ 
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With the above possibilities in mind, it was planned to 
synthesize the oligosaccharides related to the asialo-G,,. 
and asialo-G,,, gangliosides in the forms presented in 


structures 8 and 9. The purpose of the aglycon ~ (CH) p- 


HO © \ CH2IFOOCH, 


Asialo-G,,. Hapten 


BDGalNAc (1+4) 8DGal (1+4) BDG1c-0 (CH) .COOCH, 
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Ory 
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O OH 
HO 
Seen 
On 


Asialo-G,,, Hapten 


BDGal (1+3) BDGalNAc (1+4) BDGal (1+4) BDG1c-0 (CH) gCOOCH, 


COOCH. is to serve as a linking arm, as was demonstrated 


3 

by Lemieux and coworkers for the preparation of artificial 
; ; 53 

antigers>- and immunoadsorbents. Structures 8 and 9 

may be used for the preparation of immunochemical reagents 


related to the G and Cu gangliosides as was shown by 
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54 : en 
Lemieux et al. for -the preparation of antibodies specific 


for Lewis blood group determinants. 


i ee The Synthetic Methods 


DLS Secrionlas provided! in the form of an outline of 
the synthetic program that was followed, since this pro- 
cedure will serve as a convenient means to indicate the 
Origins of the synthetic methodologies that were used 
in the overall program. Thus, the literature survey will 
also serve to acquaint the reader with the subject of the 
thesis. 

It is to be noted that Shapiro and Renew ee reported the 
total synthesis of asialo-G,,. in 1973. The procedure used 
in this pioneering work is outlined in Scheme 3. The use of 
the dichloroacetyl protecting group in I was based on ear- 
lier observations a which demonstrated that the presence 
of powerful electron-withdrawing groups in the acetamido 
function rendered the bromide I more stable and less prone 
to reaction with neighbouring acylamino group participation 
nel glycosylation reactions’>> The diol II was employed be- 
cause it was readily prepared and it was anticipated that 
the Koenigs-Knorr type reaction using mercuric cyanide as 


promoter (known as Helferich condition) would provide selec- 


tive glycosylation of the equatorial hydroxyl group. In 
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fact, the mixture of B-linked disaccharides III and IV was 
obtained in 452 yield. inea.332 cation>” These could be sepa- 
rated by column chromatography on silica gel but no yields 
were reported. Although the subsequent steps involved inter- 
mediates that were not well characterized, the structure of 
the target molecule asialo-G,,, (X) could be established by a 
comparison of the optical rotation and the relative mobility 
On Silica gel of the synthetic material with that of the 
natural glycolipid" 

The main challenge in terms of the synthesis of asialo- 
Gurr could have been expected to be the establishment of 
(1+>4)g-linkage between the N-acetylgalactosamine and the 
galactose residue to form the terminal disaccharide portion. 
However, although a number of comments can be found in the 
iterate regarding the resistance to glycosylation of 
the 4-hydroxyl group of suitably protected galactose deriv- 
atives, there does not exist any definitive information in 


36 expressed an interest in 


thas¥tegaras "Shapiro" and” Acher 
the diol II because for this compound the 4-hydroxyl group 
is in equatorial orientation. However, as noted above, the 
axial 3-hydroxyl group proved to react only 1.5 times more 
slowly. On the other hand, it was demonstrated by Lemieux, 
Takeda and Chung®! thatthe 4—hydroxyl of the” galactose 


derivative X could be glycosylated with 3,4,6-tri-O-acetyl- 


2-deoxy-2-phthalimido-g-D-glucopyranosyl bromide (XT) to 
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provide the (1+4) linked 8-disaccharide XII in about 80¢ 
yield. Therefore, the reactivity of the 4-hydroxyl group 
of the galactose derivatives appear to depend rather on the 


nature of the glycosylating agent employed. 
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The use of the phthalimido bromides which has been 
termed the 'phthalimido method" has since found wide application 
and appears to be a very reliable method of choice for the 
synthesis of a variety of 2-amino-2-deoxy-glycosides. 
Recently, a comparison in terms of yield and stereoselec- 
tivity was ae with conventional sugar oxazolines®?” ®° 
and the advantages of the phthalimido method were displayed. 
Since it was anticipated that the reactivity of the 4- 
hydroxyl group of suitably blocked lactose derivatives would 
be of the same order as the alcohol X, it was decided 
to prepare 3,4,6-tri-O-acety1-2-deoxy-2-phthalimido-a, 8- 
D-galactopyranosy] bromide 32 which was required for the 
glycosylation of the alcohol 20 to provide the blocked 
asialo-G,,, hapten (33). This synthetic strategy can be 


appreciated by a consideration of the synthesis of the 


blocked trisaccharide 33. 
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The required reagent 3,4,6-tri-O-acetyl-2-deoxy-2- 
phthalimido-a,8-D-galactopyranosyl bromide (32) could have 
been prepared from commercially available D-galactosamine 
following the procedures reported for the preparation of 
the corresponding gluco analogue. °® However, since D- 
galactosamine is very expensive, allyl 2-azido-2-deoxy-B- 
D-galactopyranoside (27) was chosen as the starting 
material and this compound was expected to be 
available by the way of the azidonitration of D-galactal 
triacetate following the procedures reported by Lemieux 
and seo. Also, aS will be seen later on, the allyl 
glycoside (27) waS an attractive intermediate for the 


Synthesis of asialo-G hapten (9). 


Ml 
The choice of the allyl aglycon for 27 was to serve as 


a temporary protecting group, which could be readily 
removed under the mild conditions that were reported by 

; 69 
Corey and ret oe and used by Gigg and Gent. The reduction 


Ofecheraciagesto amine and the protection of the functional 


groups, as seen in the intermediate 29, was expected 


LO alia: 


to be carried out under the conditions reported. eye 


was anticipated that the removal of the O-allyl protecting 

group and the treatment of the l-hydroxyl compound with N,N- 
. ene 

dimethylbromoforminium bromide (Vilsmeier bromide) would 


asl : 70 
provide the desired phthalimido bromide 32. 
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As outlined in Scheme 4, it was necessary to prepare 
the alcohol 20 for condensation with the bromide 32 to, form 
the intermediate 33. In this regard, the starting material 
was 8-methoxycarbonyloctyl fS-lactoside (16), a compound which 
had already been reported by Banoub and Bundle /3 by con- 
densation of B-lactose octaacetate with 8-methoxycarbonyl- 
octanol .in®the presence of stannic chloride. «The preparation 
of its 4',6'-O-benzylidine acetal (17) could be anticipated 


a 
le Acetylation 


from the well documented procedures. 
would then yield the intermediate 18. Preferential removal 
Otecne 4°56" —O-benzyiidene  ‘gmoup under; the conditions 


72 would provide the diol, the 


reported by Metzner et.al. 
primary hydroxyl of which could be selectively benzoy- 
lated/5,76 to form the desired intermediate 20. 

Finally, the condensation of the phthalimido bromide 
(32) with the alcohol 20 using Silver triflate-collidine 
complex ®? was expected to provide the blocked asialo-G,,. 
devivelive) 367. 

Similarly, themetmaregy yan’ the synthesis of asialo-G,,, 
hapten (2) can be illustrated by considering the preparation 


of the blocked asialo-G derivative 46. It was expected 


M1 
thatetne alcohne! 27 could be converted to the 4,6-O- 
benzylidene derivative 35 following well established pro- 


- 
eattres, In fact, Lemieux and coworkers prepared the 
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4,6-O-benzylidene drivative (XIII) of itech Gees een 
octyl-2-acetamido-2-deoxy-8-D-galactopyranoside in 73% 
yield using a standard preceduren: | It could be expected 
that the glycosylation of 35 with acetobromogalactose under 


Helferich conditions would be successful since a similar 
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compound (XIV), a product related to the T-antigen 
BDGal (1+3) 8DGalNAc, was prepared by Lemieux and coworkers 
under the above-mentioned conditions. 

Since the phthalimidohalide procedure for the prepara- 
tion of B-glycosides of 2-amino-2-deoxy sugars, as was men- 
tioned earlier, appeared attractive, the plan was to con- 
vert the allyl glycoside (36) to the phthalimido bromide 
(45). The procedure outlined for the conversion of 27 to 
32 would be followed. This would involve de-O-benzylidena- 
tion of 36 followed by deacetylation, reduction of azide to 
amine, reaction of the amine with phthalic anhydride and 
acetylation to form the phthalimido glycoside 40. Removal 
of the allyl group?” and treatment of the alcohol with 


Vilsmeier reagent’? would then provide the desired reagent 


45. 
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eon Conformational Analysis 


As mentioned earlier, gangliosides which are present 
On plasma membranes have been implicated both in intra- 
cellular recognition processes and in the binding of regu- 
latory molecules. It has been proposed that these 
processes are mediated through complex formation by binding 
of a portion of the oligosaccharide of these glycolipids 
with the receptor site, normally referred to as the combin- 
ing site, of the biologically active agent such as an anti- 
body, toxin or glycoprotein hormone. /? It can be expected 
that this binding is best achieved when both the combining 
Site and the oligosaccharide portions are conformationally 
well-defined complementary structures. Since it can be 
anticipated that the carbohydrate ligands will be bound in 
a conformation that is near that which is energetically 
most favorable in aqueous solutions and since these cell 
surface oligosaccharides perform their functions in aqueous 
environments, an appreciation of their most likely solution 
conformations is a prerequisite for a meaningful interpre- 
tation of their brotogical functions. Consequently, 
experimental evidence is required to provide information 
regarding the conformational preferences of these oligo- 


saccharides and, as has been pointed out by Lemieux ,89 
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modern high frequency nuclear magnetic resonance (nmr) 
spectroscopy can prove well suited for this purpose. 

With the development of new synthetic methodologies 21%? 
it is now possible to obtain, through chemical synthesis, 
complex oligosaccharides in amounts adequate for nuclear 
magnetic resonance studies. In addition, the availability 
of highly sophisticated computer-assisted high frequency 
spectrometers, because of their great resolving power and 
the high stability of the applied magnetic field, has 
enabled the measurement of a number of nmr parameters which 
relate to the conformational properties of the molecule. 
These include spin-lattice relaxation times (T,'s) and 
nuclear Overhauser enhancements (nOe's) as well as chemical 
shifts and spin-spin coupling constants. 

It is well recognized” that an nOe is dependent not 
only on the proximity of the proton observed to the proton 
which is saturated, but also on the immediate proton envir- 
onment of the former. In rigid systems of known geometry 
and in which the molecules are tumbling isotropically so 


that the correlation time (tT) is the same for every proton 


vector and with intramolecular dipole-dipole relaxation 


tc. 


aad 
) 


(ms) sonstiosss shesypem 262toun Yiceusoxs 
‘JeVgtUug erad- so? Hediva’ Lise! évos, iG 
“y2eLRoloboifasm Oresaiaye west 70, Batic faves -_ 
2iLe5fioiva (soleaie Rpgoeds witadda das otubaioy a 
aO@. Ott 3 >. iuPsbe AAAS ai se he rutoeancipthon 


(iitideloovn ets SdOrhemes as Se dbued S046 ennas- 


vELSiL) Sisstesm Ro blake asi te peep 


; - - , x surdiny - % 
JE & £52985 Yeu i L< cae] i 


; rT 
© JcSan trate Sig 
’ * al . “hac bd 
ACESS .Om Sis 20. a8is4egern LBS 2 anc Sums aed ae 
he » 


[SoBe lSy Gor gh rept ateetiae | 
4 
vines 25 tisw es \ia!eont aw, machpar tide nasal 


i H 


it} 


a tetany x Tele wits misesaka fna-k 
F fa 
R nshnagsh Sk oth ak) igde Sone annie fey, an a 
. 


z , — is 
*O39 Stschomms \ertt doy cake Fie ‘HAI roses Bb |: 
S7amCsR two Id Samgeys hipbs We ~ odesvay ots “So ae 


Oe ¥itsuiamadoss ook dog Ae “agluoeion ‘sag ee * 


Ce 
dosed UtaV9 287 omse ons Be | tot, either nokwe tied eels 


mataexnla athe. He hog ih! 4 te tube Selomarse! Stew hes 
! ’ “oi * | ' i. hee : : 7 
he “e : i Wodl : 7 : a a “a : fa ; 
a ) aA | 2 


Td > —) 
a = : 


oi 
7 


28 


predominating, the observed nOe for proton d on the satur- 
ation of s is well approximated for the purpose of estimat- 
ing relative nOe's by the following expression: 


"J -6 » -6 
noe, (s) = las Vi (ea a8 an ) 


where ras is the distance between proton d and proton s 


and 45 is the distance between proton d and each other 
proton in the molecule. 
Under similar conditions, the spin-lattice relaxation 


time (T is also dependent on the environment of a proton 


1) 


and can be expressed as follows: 


7 
ED = constant *° T ° re ; 


In order to gain an appreciation of nOe and TS values, 
it was necessary to generate the molecular structures in 
the memory of a computer so that relevant internuclear dis- 
tances could be conveniently extracted and used in calculations. 
The hard-sphere exo-anomeric effect (HSEA) calculations 


(see below) appear to be very useful in this regard since, 
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to date, it has produced results in excellent agreement 
with the conformation expected from the nmr studies of 
Oligosaccharides dissolved in heavy Severe This is per- 
haps remarkable since the procedure is arbitrary and 
areuticialsin many»sregards.but,.on the other hand, it en- 
compasses the least number of assumptions and is based on 
a large body of experimental decan. 

Even for oligosaccharides containing several sugar 
UnitS,. a Surticient number of coupling constants for 
vicinal protons can normally be measured so as to leave no 
doubt as to the conformation of the pyranose rings. Thus, 
the problem of determining conformational preferences for 
an Oligosaccharide resides in establishing the values of 
torsion angles defined by vicinal atoms about the various 


glycosidic bonds. The torsion angles are defined as ¢ and 


~y as presented below. 
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The procedure used in the HSEA calculations for 
estimating conformational preferences of oligosaccha- 
rides related to gangliosides will be that describea 


80 for the B trisaccharide 


by Lemieux, Bock and co-workers 
(8DGal (173) [aLFuc(1+2)]8DGal-OR). These HSEA calculations 
are based on the assumption that the sugar units can be 
treated as rigid bodies with the atomic co-ordinates from 

the appropriate crystal structures. The conformational pref- 
erence for a glycosidic linkage is then gauged by taking 

into account nonbonded interactions between atoms taken as 
hard spheres of appropriate van der Waal's radii but includ- 
ing a contribution to the relative stabilities of conformers 
which differ only in their $¢ torsion angles and which arise 


Soe pi den-ereetored 


becausesol, phe exo-sanoneric eftecc. 
that a change in energy associated with a change in ¢ torsion 
angle is due to stereoelectronic considerations while that 
associated with WU torsion angles is steric in. origin. ,» The 


hard-sphere interaction energy (HS) was calculated using the 


Kitaigorodsky expression: 


6 


HS = 30,000 e 2°9/45 - 0.14 (d/a,)~° kcal/mole 


where ais the internuclear distance of two atoms and qo 


is 1.1 times the sum of their van der Waal's radii. 
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The exo-anomeric effect (EA) for a and 8 anomers was 


then calculated by the expression synthesized by Thggersen:° 
eae a 
EA = 1.66 EA kcal/mole 


where EA‘ = 1.58 (1-cos$°) -0.74 (1l-cos2¢°)-0.70(1-cos36°) + 
le 72okcal/mole? itt is evident from these expressions that 
the exo-anomeric effect contribution is expected to be greater 


for the 8 anomer. 


It was our hope that the average minimum energy confor- 
mation provided by the HSEA calculations would explain the 


observed nOe, Ty Anes and 1yenmr parameters of the synthetic 


asialo-G,,, (8) and asialo-G,,, (9) haptens. It was expected 
that a comparison of the 136_-chemical shies of 8, 9 and 

the sodium salt of a-methyl sialoside (10) with those of the 
reported values for the natural gangliosidest15,116 would 
provide a knowledge regarding the most probable solution con- 
formation of these molecules. Such a knowledge might be ex- 
tremely useful toward an understanding of the different bind- 


ing specificities exhibited by various ganglioside molecules 


with antibodies, toxins and hormones. 
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tie eDtoCUSSION OF RESULTS 


A. Chemical Synthesis 


As was mentioned in the Introduction, the goal of this 
investigation was to synthesize the tri- and tetrasaccha- 
rides known as asialo-G,,, and asialo-G,, mn the form of the 
haptens 8 and 9. It is expected that these structures will 
prove to be of interest to immunochemical studies related 


to the Gu and Gu gangliosides. However, the main objec- 


2 
tive of this research program was to synthesize the struc- 
tures and to study their conformational properties. 


es SaemMeenoxycarbonyloctyl 2,3,6;2°,3 =penta-O- 


aeemy) 6 —O-benzoy l-S-D-lactoside (20) 


Compound 20 was an intermediate for the synthesis 
OL both asialo-G,,, (8) and asialo-G,,, (9) haptens. The 
synthesis started with commercial lactose (11) which was 
converted to the f-octaacetate (12) uSing a published pro- 
cedure. 88 As was mentioned earlier, compound 12 was used 
by Banoub and Bundle’? for the preparation of 15 in 60% 
yield by way of condensation with 8-methoxycarbonyioctanol 
(14) in thespresence of stannic, chloride. Attempts to pre- 
pare 15 in this manner failed. Instead of pursuing this 
approach further, it was decided to attempt the preparation 


PLR: : 
by way of classical Koenigs-Knorr reaction involving 
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Silver carbonate to promote the condensation of a-acetobromo- 
lactose (13) with the alcohol a) The bromide 13 was pre- 
pared without aQiffticulty from the octaae¢etate (12) in the 
usual wane and the condensation was performed in the pres- 
ence of anhydrous calcium sulphate to absorb the water which 
is formed in the neutralization of the hydrogen bromide by 
the silver carbonate. 

The Koenigs-Knorr reaction involving an acetobromo sugar 
is well known to often be accompanied by orthoester forma- 
on Indeed, the examination of the 1 y-nmr spectrum 
(Pid. 2a) On) LNe procguct LOrmed ‘on reaction of 13 with 14 
showed evidence for orthoester formation (15b). The signals 
aor. Dp ana S60 Dppmiaresat DPOSiItions: typical’ for) the 
orthoacetyl and H-1 of alkyl 1,2-orthoacetyl derivatives of 
Pincoeee It is well Roewnos that orthoesters can often 
be rearranged to the 8-glycoside by treatment with Lewis 
acids such as mercuric bromide. Treatment of the crude 
product with mercuric bromide in toluene-nitrobenzene (1:1), 
in fact, caused the disappearance of the signals assigned to 
the orthoester. This result is evident from a comparison of 


the mspectra.] an Figs 2a and.Fig.”2b.. *Thesspectuum ore the 


*The alcohol 14 was a generous gift of Chembiomed Ltd., 
University of Alberta. For tne preparation of 14, see 


reference 91. 
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Orthoacet y! 


400 MHz 1 y-nmr spectrum in CDCl. of the mixture of 
compounds obtained (a) in the Koenigs-Knorr reac- 
tion of ‘acetobromolactose (13) and the alcohol aa); 
and (b) after treatment of the product with 


mercuric bromide. 
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crude product is seen to be quite similar to that for the 
pure acetylated §S-glycoside (15) Deacetylation of the crude 
product produced 16 which crystallized from methanol. The 
1 enmr spectrum of this compound, reproduced in Fig. 4, 
clearly established) ats identity and high level of puruaty. 
Acetylation of 16 produced the authentic sample of the 
hepta-O-acetyl derivative (15) whose 1 y-nmr spectrum is 
reproduced in Fig. 3. The 13 ¢-nmr parameters for 15 were 
identical to those published by Banoub and Bundle. /? 
Furthermore, a comparison of Fig. 2b with Fig. 3 shows 
that 15 was the major component of the crude product 
from the orthoester rearrangement. The yield of 16 based 
on 13 was 60% and this procedure avoided the use of 
chromatographic’ purification. 

It as cof interest to note that 1t was also attempted 
to prepare 15 by condensation of 13 with 14 under Helferich 
conditions which involved the use of mercuric cyanide as the 
promoter. “This provided’ ‘a mixture of a. .and SB lanomers, fas 
was evident from the 1y-nmr spectrum of the product formed 
on de-O-acetylation, which showed doublets ates .-94 ppm 
(Je=- O55: Hz) and 47:20 ppm (J = 7.8 Hz) (“Gee = e116) ane 
which are, characteristic for a and § alkyi“giucosides. 


Separation of these anomers could not be achieved either 


by chromatography or by crystallization. 
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The first step in the conversion of the lactoside (16) 
to its appropriately blocked derivative (20) was to form 
the 4',6'-O-benzylidene derivative (17). This was readily 
accomplished under the conditions established by Evans’ / 
which employ a transacetalation between the alcohol and 
a,a-dimethoxytoluene. The produce L/ was obtained as a 
colorless crystalline material in 78% yield when acetoni- 
trile was used as a solvent. The use of N,N-dimethyl- 
formamide as solvent led to undesirable by-products which 
were not further investigated. 

The 1 y-nmr spectrum of the benzylidene derivative i7 
repr OCUuceG «imivrigs -o. The relative intensities of the 
signals require the presence of only one benzylidene group. 


It is well established that the signal in the 13¢-nmr 


Spectra ton tne hydroxymethyl tgroups, occur at 612i Spe 

In fact, the lactoside (16) showed signals at 61.27 and 
60.45 ppm and the spectrum for 17 showed only one Signal at 
this position “of ithe 13¢_pmr spectrum. Therefore, one of 
the hydroxymethyl groups of 16 must have been involved in 
the formation of the benzylidene group of l?. That the 
hydroxymethyl group is that of the galactose unit was firmly 
established by a comparison of the li-nmr spectra of the 


acetyl derivatives 15 and 18. It is well known that the 


equatorial H-4 of a galactose unit is very weakly coupled 
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to H-5. Thus, the assignment of the signal for H-4 is 
normally readily accomplished. As seen in Fig. 6, the 
Signal fOr h-17 sis ato. s4 ppm. In contrast, the wignar 
for H-4' in the acetylated benzylidene lactoside (18) is 
at 4.32 ppm. Therefore, the 4'-position of the galactose 
Dnt tor 18 must be involved in the benzylidene ring and, 
consequently, 18 must be a 4',6'-O-benzylidene derivative 
of 16. The compound 18 waS prepared by acetylation of ei) 
in 90% yield. 

The preparation of 20 from 18 required first the re- 
moval of the benzylidene protecting group and the selective 
esterification of the resulting diol 19 at the primary 
position. Treatment of 18 with 90% aqueous trifluoroacetic 
acid’? cleaved the acetal linkage of the. 4.) GC. -Osbenzy lidene 
ring to provide the diol 19 in, vos. yYreld, Lue 1 =nmr spec- 
trum of 19 is reproduced cUipi Rds ea. Sal aA It is known that the 
coupling of the hydroxyl hydrogen to the vicinal protons 
can be observed provided the exchange of the hydroxyl 
hydrogen is slow compared to nmr time scale. In fact, for 
the diol 1B the signals for the primary and secondary 
hydroxyl hydrogens were seen as a triplet and a doublet at 
5.02 ands. 1228ppm, respectively, which andicated that No 
acetyl migration had taken place from the other O-acetyl 


groups to the 6'-hydroxyl group. The Coupling op 
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4'-hydroxyl hydrogen with H-4' caused the signal due to this 
My aGrogen -towappear ras) abroad triplet, in contrast to the 
mormai broad doublet for this proton.. Furthermore, as 
expected, the 13¢-nmr spectrum showed two Signals at 62.47 
and 61.41 ppm, in contrast to only one signal observed for 
18 around 62 ppm.» Thus, the ty and mele chemical shifts of 
the atoms firmly established the assigned structure 19 for 
the diol. 

The selective protection of the primary hydroxyl group 
of the diol (19) was achieved in greater than 80% yield with 
1.1 equivalents of benzoyl chloride and pyridine under mild 
conditions (-78 to -20°C) which provided the desired alco- 
hol 20 as an amorphous material. The 1y-nmr spectrum of 
20 (Fig. 8) indicated the alcohol 20 to be essentially pure. 
The relative intensities of the aromatic hydrogens require 
the presence of only one benzoate grouping in 20. The 
chemical shift of H-4' is 3.98 ppm and this established 
beyond any doubt the absence of ester grouping at this 
position. Furthermore, by decoupling experiments, the 
signals for H-6'a and H-6'b were identified between 4.36 and 
4.26 ppm, which required the presence of the ester group at 
this position. The appearance of hydrogens at 6'-position 
at a lower field compared to the acetates,,as seen in acetyl- 
ated lactoside 15, clearly established the presence of 


stronger electron withdrawing benzoate group at this 


POSiEION. 
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Thus, the desired alcohol intermediate (20) was pre- 
pared in large quantities from the readily available com- 
mercial lactose. This reaction sequence involves eight 
steps and, except in the last two steps, the use of chrom- 
atographic purification was avoided. The next task was, 
therefore, to prepare appropriately blocked phthalimido- 
bromides for the condensation with the alcohol 20 in order 


to accomplish the synthesis of asialo-G (8) and asialo- 


M2 
Cul (2) haptens. 
he Allyl 2-azido-2-deoxy-8-D-galactopyranoside (27) 


The allyl glycoside (27) was a common intermediate 
for the preparation of suitably protected phthalimido-bro- 
mides required for the synthesis of blocked derivatives of 
asialo-G,,. and asialo-G,,, 


could be readily prepared via the azido bromide (25) as 


haptens. It was expected that 27 


outlined in Scheme 6. 

Lemieux and Ratelitfe®’ have reported the preparation 
Of 725 from thesmixtune of azadonitrates 24 obtained in the 
azidonieration "Of Gri-O-acetyl=D-Galactat (23). However, 
it was found that the puritysofethes acetylated galactal 
(23) obtained by a published procedure which uses a copper- 


a 
platinum couple?! to reduce a-acetobromogalactose oe left 
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much to be desired. Therefore, an investigation to improve 
the quality and the yield of 23 was undertaken. Even though the 
du-nmr spectrum of the crude product (Fig. 9a) indicated 
that the major product was the desired erie nese ne 
galactal (23), it was found to be contaminated up to 30% 
with undesired side products, as was estimated from the 
relative intensities of the signal at 6.3 ppm due to H-l 
and the acetyl signals around 2 ppm. Therefore, the dis- 
tillation of the crude product was attempted without much 
Success in Significantly improving the purity. Since it 
had been reported earlier by Roth and Pigman?® that the use 
of the less expensive zinc-copper couple under buffered 
conditions effected the transformation of a-acetobromo- 
glucose to the acetylated glucal in good yield and high 
purity, the use of this reagent to transform a-acetobromo- 
galactose (22) to 23 was examined. In fact, when the 
procedure was repeated, it was found that ene product (23) 
was formed in greater than 90% yield and was more than 90% 
pure (as indicated by the 1enmr SpecEerunge tid. 9b). This 


; i 
point 1s ilimstratedsin figs. 9b-andy~%cuwheresthe «H-nmr 


- oe <. 


a 


ovesyui o2 no.jspiouayes We petotpaen?. /homiags se is 


me dpeurt va 1oveo 39Say aev Ef 76 Piasy ets be tsi 


a 


TT ' cal £85) 1Lin3¢ ‘trie 4 we is Coro ie. 


-_ re -i<5, fSoev.aeeb Te) eeyv 37306 a 


sea tow ae fesaeborg atta Seatac 


a. 24 her 2a Mi2, 5° aplscanoone wh had 
ho & Gtecie Lenka tees wa ’ 
.j6 sy 2zbebiis vbiisto ede bo. eke s 

i ¢rsassi Pines ite 


’ | : Hrod Wd wells Seaioess owas 


“Affiact> Beg) -) 12Q4%s GF Inepasy aig: Sey 6 fans ee NS 
7262.5 SaTIMSke Pal wh vy (55) a 

9uNo we ety Jens Sagoe aie Ss eosin eer ota 

cur 46> oro #ev Bae Biney PO®, pete caaeeue me imine 
ThA% vide seat nu joeae ape ane ya Sosessbpl ab 


mine “ora aad Hie sal Sak Se reeet ré Sores qeotss ek 


49 


(b) mt | 


(c) 


i cha We Pet) 100 MHz | nme spectra of compound 23 in cbDC1.. 
aint Get hes ‘crudencompound23) obtained fromzinc= 


platinum couple. b. the crude compound 23 obtained 


Puom waine-copper couple-occlanthertdastiliedicompotind 


25 OL Zanc-—copper couple. 
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spectrum of the crude preparation of 23 obtained using the 
zinc-copper couple and that obtained for the material after 
careful distillation are reproduced. As can be seen from 
these figures, the crude product was as pure as the distilled 
material and therefore the crude 23 was subsequently employed 
in the azidonitration reaction. 

The azidonitration reaction was performed according 
to the procedure described by Lemieux and Rat clit re! which 
involved the reaction between 23 and ceric ammonium nitrate- 
sodium azide (2:1) complex to provide an anomeric mixture 
Or 2-a210C-N ane rates=74 (and N-aceryl-3y470~tri—-O-acety1— 
2-azido-2-deoxy-a-D-galactopyranosylamine (24a). The ratio 
of products 24 and 24a and the yield were in accordance with 
the reported values. ©? Purification at this stage by 
chromatography was necessary in order to remove the unde- 
sired product 24a from the nitrates (24), Treatment of the 
nitrate (24) with lithium bromide and chromatographic purifi- 
cation then provided the desired azidobromide 25 (60% 
yield™based on “the nitrates )’. 

In order for the azidonitration procedure “to *becone 
more attractive to the large-scale preparation of 25, it was 
necessary also to convert the undesired 24a to the azido 


bromide (25). It was hoped that besides improving the 


yield, this improvement in procedure would avoid the 
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chromatographic purification of azidonitration products. 
Thus, the hydrolysis of the labile nitrates on silica gel 
could be prevented. 

In this regard, it was found that the treatment of 24a 
with N,N-dimethylbromoforminium bromide (Vilsmeier bromide) 
converted it to the desired azidobromide (25) in near quanti- 


tative yield, as indicated by the 1i-nmr spectrum "(Filo 910) 


of the crude reaction product. Consequently, the crude 


Ac OAc Ac oac 
O 
Vilsmeier bromide 
OOo 
Cr 2Clz AcO. 
Moy HAc Ny) 
‘2 38 


azidonitration reaction product was first reacted with 
Vilsmeier bromide to effect the conversion of 24a to 25 and 
then with anhydrous Jaithium bromide to transform the nitrates 
(24) 90 25. Béter wehromatographic purification, the overall 
yield of the bromide (25) was improved to 40% based on aceto- 
bromogalactose @2)in contrast to 16% yield obtained by the 
procedure which involved the distillation of 23 and chromat- 
67 


Ograrnse punitication i azidosnatrates. The nmr param- 


eters and the physical constants of the bromide (25) were 
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identical to those reported by Lemieux and Ratcliffe.°/ 


The emit spectrum of the bromide (25) after chromato- 
Graphic purification ts reproduced in Fig. 10c. ‘Comparison 
Sie relative antensities: of signals of the crude product with 
pure bromide indicated the former to be more than 70% pure. 
Consectiently, —therchromatographic purificationyof the’ bromide 
was avoided in an attempt to employ the crude product directly 
ine an hoecnsgs-khnorr Feaction, with allyl alcohol: 

Uhewva liv 2-azide©—-2-deoxy—glycoside 26 was prepared 
from the crude azido-bromide 25 and allyl valcohol” by gthe 
classical Koenigs-Knorr reaction which involved the use of 
Silver carbonate as the promoter. Anhydrous calcium sul- 
phate was included in the reaction mixture to absorb the 
WaeCr PModuced sin the wreactlon as a Tresulu ceanecucrarization 
of the liberated hydrogen bromide by silver carbonate. 

Arter chromatographic purification, 26 was obtained as a 
syrup in 29% overail yield based on acetobromogalactose 

(22) (59% based on crude bromide). On the other hand, by 
employing pure glycosyl bromide 25, the allyl glycoside 26 
could be obtained in 75% yield. The one and 1 30-nmr spectra 
Of thisyproauct (Fig. 11) clearly established@its identity 
ana a high level of purity. The chemical shift (4.4 ppm) 
and the coupling constant (J = 7.8 Hz) observed for the 


anomeric hydrogen required the trans-diaxial relationship 
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Gf H-l and H-2 and consequently confirms the §-configuration 
at, the anomeric center, As expected, the signal for H-4 
appeared at the lowest field (5.4 ppm) compared to other 
ring hydrogens. 

Pinglly,, chemde-O-acety lation of 26 under Zemplen's 
conditions using sodium methoxide in methanol provided 
the desired allyl glycoside (27) in near quantitative yield. 
Crystallization from ethyl acetate-n-hexane provided 27 as 
eecoloriless Crystallane solid which was-indscated to be 
highly pure by eaonne (Pag. 12). The Chemical Shifes and 
coupling constants established beyond any doubt the assigned 


SeEructure. 


On 3/4 ,6-Tri-ORacetyi=2—deoxy=2=phithadeuni.do— 


a,8-D-galactopyranosyl bromide (32) 


The title compound 32 was required for the conden- 

Savion, witn the alcohol 20 to accomplish the synthesis of 
the blocked derivative of asialo-G,,, (33). As mentioned 
Parlier, Gather than to. attempt les synthesis) i tomap-gavac— 
tosamine, the compound was prepared from 27 as outlined in 
Scheme 7. 

It seemed desirable to prepare the phthalimido glyco- 
side 29 from 27 rather than from the acetate 26 since the 
intermediate O-acetylated amine could give rise to Oto N= 


acetyl migration with the formation of an acetamido group. 
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Scheme 7 
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The reduction of the azide (27) to the amine (28) was 
carried out with hydrogen sulphide in pyridine-triethyl- 
amine according to the conditions described by Lemieux 
and co-workers,” The crude product obtained seemed to be 
the desired amine as indicated by its low mobility on Gic 
and no attempt was made to further characterize this 
intermediate. Instead, the crude amine (28) was converted 
to the phthalimido compound (29) using published proced- 
ines This involved first reacting the amino group with 
phthalic anhydride to form the N-2-carboxybenzamide deriv- 
ative followed by acetylation with pyridine and acetic 
epnvyeri ce sO, errecr thesrang Closure ‘asi weil as :O— 
acetylation. After chromatographic’ purificanbiony the 
desired phthalimido giycoside (29) was obtained as an 
amorphous material in 67% yield based on 27. 

The 1u-nmr spectrum of 29 1S weproduced in Fig. 1s. 
The relative intensities of the aromatic signal require 
the presence of only one benzene ring in the molecule. The 
presence of the phthalimido group was expected°? to cause 
a severe non-bonded deshielding interaction between the 
carbonyl group of the phthalimido function?” and the axial 
H-l1 and H-3 atoms. Tn’ fact., it -cansbe scent rom 
Paigure 13 that. both H=-1 and H-3 are deshielded bys)-2 


ppm compared to their chemical shifts in 26. The magnitude 
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of deshielding is so large that H-3 appears at even lower 
field than do the olefinic hydrogens in the aglycon. In 
the case of the 13¢-nmr Spectrum Jot 29, a shielding of 
2 ppm was observed for both C-1l1 and C-3 as ae result 

of the introduction of the phthalimido group at the 2- 
position. 

As expected, the allyl deprotection at the anomeric 
center could be readily accomplished under the conditions 
described by Gigg and Gents.” This involved the isomeri- 
Zarron- ot the O-aliyi to” the O-propenys groupeand ithe 
hydrolysis of the labile propenyl ether with an acidic 
reagent.°” The isomerization of the allyl group was 
Carried out by treating 29 with a catalytic quantity of 
tris-tripnenylphosphane—-rhnodium (I1i1) chlomidesin the: presence 
of a base, normally 1,4-diazabicyclooctane, under refluxing 
conditions. The progress of the reaction was conveniently 
followed by lu-nmr examination of the reaction mixture 
(Faq. 14j2ueAfter 24 hours, the major *eemienent ify the geag- 
tion mixture was found to be the l-propenyl glycoside (30) 
(multiplets at 6.3 and 1.6 ppm due to H-l@and ghe ydrogens 
6f the olefinic methyl). The J-propenyl glycoside, 30 was 


then hydrolyzed with mercuric chloride-mercuric oxide in 


aqueous acetone to provide 31 in 80% yield. 
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The eer Specerum (Fig. 15) indicated that the. ‘com— 
pound was an essentially pure mixture of the a and 8 anomers 
ayche ratltO. oe) 9 ie quartets at 6. 4™and=5.0—ppm, each 
With spacingssof 23.58andue/«5nHZ,.§.arenassigned=to the H=3 
proton of 31a and 318, respectively. The low field signal 
1s assigned to-H=3 of the o-anomer since it is in Syne 
Glaxteal “Orrentation with the hydroxyl group at C-I and} 
consequently, it is expected to be at a lower field than 
the signal for H=38. It is interesting to note“that the 
anomeric hydrogens of the anomers have the same chemical 
Shortt (5. oeppieeitecontrastetolthelarger=-chemical shirt 
value (lower field) normally observed for the anomeric 
hydrogens of @ as compared to Rogalactosidcs. = However, 
this is not surprising since, as mentioned earlier, the 
anomeric hydrogen of the Sf-anomer is expected’™ to be 
strongly deshielded by the phthalimido carbonyl group. 

Finally, the desired phthalimido-bromide (32) required 
for “the oglycosylatiom.oL the, aicanos (20) was prepared by 
reacting the l-hydroxy compound with Vilsmeier bromide. ’? 
This providedea Mixture of anoméric bromides in greater 
than 90% yield as an amorphous material. Recrystalliza- 
tion from ethyl acetate-n-hexane provided the B-bromide 
32 which was highly pure as indicated by che 1 y-nmr spec- 


Pena. wl Oj but, for the purpose of glycosylation 
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reactions, the separation of the anomeric bromides was not 
necessary since both the a and 8 bromides are expected? 
to provide stereoselectively only the 8-glycoside due to 


Lhe steric demandscot the phithalimido group. 


4. 8-Methoxycarbonyloctyl 2-acetamido-2-deoxy-f-D- 
galactopyranosy] (1+4) -8-D-galactopyranosyl (i+4)- 


8B-D-glucopyranoside — Asialo-G,,., hapten (8) 


~ 


The synthesis of the title compound 8 (see Scheme 

8) depended to a large extent on success in the establishment 
of a B-glycosidic linkage on reaction of the glycosyl-bromide 
(32) “and ‘the alcohol (20) CO 7;fOrm 33. Dée=O-acety lation 
followed by N-acetylation would then provide 8. 

The condensation of the phthalimido bromide 32 with 
the alcohol 20 was carried out according to the procedure 
described by Lemieux and co-workers which involved the 
use of silver triflate-collidine complex to promote the 
reaction. After 18 h, examination.of the reaction mixture 
by tlc indicated ‘the consumption of most of the alcohol “and 
*he formation of a single wmayor product. | Purification if 
the-reactaon product at thiSstime by chromatography provided 
a major product as an amorphous material in 64% yield. 

The 1 -nmr spectrum of the above product, reproduced 


in Fig. 17, indicates the compound to be essentially pure. 
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Scheme 8 
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A comparison of the integrals of the signals between 7.0 
and 8.5 ppm with that of the multiplets around 5.9 ppm 
Tequires..the puesenceyof 9 aromatic. hydrogens. Also ,the 
relative, intensities, of \the,acetyl »signal's, around’ 2) ppm 
accounted) tor 21. hydrogens,s.as expected: for, thei structure 
33. From .a. comparison of this spectrum with that, of allyl 
phthalimido galactoside (2 he Pepcans bewconeluded that 

the quanbet sat, 5.9 pmiplspacings, 3.5. -and® lisa diz )w:beliongs 
to H-3", since this hydrogen is expected to be deshielded 
by an adjacent phthalimido group. The small and a large 
coupling constants are in accord with the presence of 
Syn-Cclinad, (i-4) and anti-periplanar (H-3")0 hydrogen atoms. 
The signals of the remaining hydrogens in the terminal 
galactosamine residue could be readily established by 
decoupling experiments. On this basis, the broad doublet 
at 5.4 ppm and the doublet at 5.32 ppm were assigned to 
H-4" and H-1", respectively. Consequently, the 8-configur- 
ation at the newly established glycosidic center was con- 
firmed by the coupling constant observed for the anomeric 
hydrogen H-1" (Jam on =_ 7418.HZ) asi expected, for, artrans= 
diaxial. relationship.between H-l“,andsHa2ze. Furthermore, 
in ocean the appearance, of: the)sagnad foreC=40, at 

75.42 ppm firmly established that the glycosylation had 


sua ik 
indeed taken place at this position. Thus the ~H- and 
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conmr spectra are in accordance with structure 33. 

The remaining steps involved in the conversion of 33 
to S were relatively Straight forward. This involvedffirst 
ENS..emoval ote thesO— and N-protecting groups. As expected, 
the de-O-acetylation and the de-O-benzoylation of 33 to 
provide 34 was achieved under Zemplen's conditions with 
sodium methoxide in anhydrous methanol in near quantitative 
yield. As evidenced from the tu-nmr spectrum of crude 34 
(Fag. 18), the phthalimido Group remained intact under 
these conditions. The phthalimido group was readily re- 
moved by the transamidation procedure using hydrazine 
hydrate according to the conditions established by Bundle 
and Sloss ee NoAcetylation of sthesermide (amine with 
acetic “anhydride and the purificatvoenseietne producti pro- 


vided asialo-G hapten as a colorless solid in 80% over- 


M2 
ail yield” Dased*onwesr 

The lienmr spectrum of 8, which is reproduced in 
Fig. 19, established its,i1dentity and theshbigh™ level of 
Purity. A description of the essignment of the signals 
the cee and 13¢-nmr spectra of 8 (Fig. 20) is presented in 
the latter part of this thesis while assessing the confor- 
Mational preferences of this trisaccharidem adhe point that 


needs to be emphasized here is that, as expected, all three 


anomeric hydrogens have chemical shifts between 4.4 and 
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a2) ppm and the, coupling constants are al] about 7.8 Hz. 
Thus, the @-configuration for all-thesgiycosidic centers 
me tarmly established. It is interestung to note that, 
ase the results Oregrycosvaation,.the signal. for H-2! of 
the inner galactose residue is significantly shielded by 
about 0.2 ppm from that observed in a normal methyl &6- 
galactoside.”> As will be discussed later, this shielding 
Ot H-2 OL galactose as observed in ali@compounds having a 
BDGalNAc unit at the 4=position. Finally, in the 1 30-nmr 
spectrum, all three anomeric carbons appeared between 102 
and 104 ppm which is typical of the carbons involved in 


26 The glycosylation, as expected, 


B-glycosidic linkages. 
deshielded both of the aglyconic carbons of the Sugar resi- 
Gues; namely, C-4 and C-4", by about 8 ppm. 


The synthesis of asialo-G did prove that the 4'- 


M2 
hydroxyl is fairly reactive, in contrast to what has been 
reported in the Peeeee ene provided a proper choice of 
the glycosyl donor ws. made. It is expected that Jehe syn- 
thetic material wildy be used in the near future to pre- 
pare immunochemical reagents related to Gu2 gangliosides 
and, aS mentioned earlier, especially in the production of 


antibodies directed towards the oligosaccharide portion of 


asialo-G,, which may prove useful for the detection of cer- 


fain tumor cells: 
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5% 4,6-Di-O-acety1-2-deoxy-3-0- (2,3,4,6-tetra- 
O-acety1l-8-D-galactopyranosyl) -2-phthalimido- 


a,8-D-galactopyranosyl bromide (45) 
ee eee ee Je ee ee 


As indicated in Scheme 9, the phthalimido-bromide 45 
Was required fer the glycosylation.of the alcohol 20 to 


accomplish the synthesis of asialo-G hapten (9). The 


Ml 
allyl azidoglycoside (27), which was an intermediate in the 


synthesis of asialo-G > hapten (8), was chosen as the start- 


M 
ing material and converted to 45 by the sequence of reac- 
tions shown. 

The synthesis started with the preparation of the 
a7o-O-benzylidene .dermyative Of the azidoglyceside 27 to 
provide 35. This was readily achieved by Evans’ procedure’ ’ 
which involved a transacetalation reaction of the alcohol 
27 with a,au-dimethoxytoluene in the presence of a catalytic 
Guantity of jp=toluenesulphonic acid. This provideda.solid 
which crystallized tfgom toluene in more than 79% yield. 

The tu-nmr Spectrum o. this Material, reproducedsin Fic. 21, 
indwecated, a high level of, purity. The velative santensitiee 
ofthe signals, require the presence of only one benzylidene 
ring in’ the molecuher sebhe: doublet “at. 2, 53—=ppm) (d "=" 3.5 Hz) 


disappeared on exchange with deuterium oxide. Therefore, 


this signal can be assigned to the secondary hydroxyl group. 


2% 


“S'IGI-S,E 0 Sj te pee S~ly sens -0-sd=9 oS 


~sbini ledarniqege{g acaetyQosgVG lae-9-t-lyseouqh 
f - 

&+) J6teugd dyaonetyqoi0s Leg-G-4\e 

meal — <=} 


ide eas. ¢. See4B2 AE Sago ite 

7 Se of fa ade So Atel ee cay ly sf Yat Bed : : 
sae ae 
j $907 8H Ye "‘pleias 74 ieee ads deiia 


NS (la. SIS CPS IL SS Bae dociw ites ‘iandet ocean 
lad cue @imigs 3 7 is 2, 
62% to sonaysee-sds ed 46 os beaterade: Hide Lecvehaa 
' eta, a 
ithe ty als tziw Secdgsg 4; 2anvage sit. a 

3/ cae ‘+ 29DiLS see te avitevewud wnei lyr = 
ii Cavetides ver veil ®4v ete c. «Ge obvi | 
eats sis To wotiods aot Sateen adnan & Barden 
£394>° 6-25 S9NSs aq S47 G2 “ia LS hegtantib=. a 


ae 


’ 

eo 

A 
7 


& iebiverg hay Bios Shar ( haeMNOrNg to usiom 


é 


ar ar 


Bisey | “19 SONA aneulot wee} maak Fhnoeene 


pi?’ ir Bs sid dai io musscuge betel 
as. ©th 1k 


BESAARO LEE. OY SARS ft ie tat le level deed-a — vibe iz 
itete ivensd aio “Lao Yo, Avavania iets sztepe: sinipia 


e.£ = t) mag e225 is te iavok, owt -aiuzetom guts a4 
1590 ter apr aire, mukaadey thie cue ap be 


a.4 
Wie 


Gls t> fyvestrd VisGndose ond Bld _Fatipiean sd ta innpie ia ms 
eas 


™, 


| | 7 
: | te - 
we Sills faae 


3 


()CF3COOH ‘CH2CI2 


oc - 
(i) Ac 20—Pyridine 


2S Py-Et.N 


© Pr3abRnCl 


>. LD 
DABCO 


Vilsmerer bromide 
Coliidine ,CH2Cl2 


Te] 


Ph 
22, 
~w 
PHCHIOCH;)2 A90,SCF3-Collicne 
——— 
CHACN HO Ss CH3NOz.-256 
3 
35 36 
ow 
HO HO 
CH.0Na ‘CH;30H y A 
TT 
H O-m 
3 
38 
G 
(iPnthalic anhy (11 eq ) (o) 


Pynoine 


Os (i1) Ac 2O0—Pyridine 


Oma 
: eee 
‘ 40 
OAc 
ie) 


Ac 
AcO A 0 OAc Aco A 
HECI. -H9O 
ee 
- O.=~CH, 2% acetone 2 
Ac Ac 
43 44 


Scheme 9 


Ty 


it ‘DS 
iat ap 4 yy Ba ts. 
J a nn oF nL tSaeKe a 


Bate Aes 


78 


als 


TOGO ut GE punodwos jo wnijdeds AWwU-}] 


T 


ZHW OOP 


iw °bty 


“ 6: 


420 


i EJIL. 


Go wie 


RTs" 3 


+ 


1 ~~ is sien: en ete ee Se a ~~. yay] Tr - aT ad = & 


rl =) —~——= eam sol ae 


; = ' 
ee 
‘ » 
pe a eh ee re es 
<a ‘ = 
= —— ———s 
—4 . 
= 7 
> 2 = — is 
ie 
’ 
; 
— 


_ — — es 
i an aa fat 
—_ 
wre 
-~ pee cD ne 
oe, ae. 


ae 
=— ee ee oe 


a 


19 


This hydroxyl hydrogen was coupled to the multiplet at 3.56 
ppm since, after deuterium oxide exchange, it had collapsed to a 
quartet (dd, J = 11.0, 3.5 Hz). In view of the spacing, 
the hydroxyl group was at the 3-position. Therefore, the 
product obtained in the above transacetalation reaction was 
the 4,6-O-benzyladene derivative. This is in accordance 
with the observation that the hydrogens at the 4- and 6- 
positions are deshielded by about 0.3 - 0.6 ppm relative to 
their positions in the spectrum of the starting material. 
The structural assignment of 35 is also confirmed by its 
ae Chmr spectrum. As mentioned earlier, it is known that 
C-6 of 8-D-galactopyranosides appear around 61l+1l ppm. In 
fact, for compound 27, the signal for C-6 is observed at 
60.26 ppm whereas in compound 35, C=6 iS at..09. ppm. , Also, 
the introduction of the benzylidene group led to deshield- 
Ino not Hi=—4 by about. 7 ppm. 

The next step was to gilycosylare the alcohol 35 with 
a suitably protected a-D-galactopyranosyl bromide. Lemieux, 


2 have reported conditions for the 


Baker and Ratcliffe’ 
glycosylation of an alcohol, similar to 35, with acetobromo- 
galactose to provide, in greater than 70% yield, a product 
related to the T antigen (BDGal (1+3) aDGalNAc-OR) . The 


procedure, known as the Helferich modification of the 


Koenigs-Knorr reaction, involved the use of Hg (CN) 5 as 
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promoter. However, when the condensation of 35 with the 
bromide 22 was attempted, a complex mixture of products was 
obtained and their separation proved very difficult. A major 
product was identified (ty-nmr) as 2,3,4,6-tetra-O-acery p= 
D-galactopyranosyl cyanide (22b). In addition, two: desac-— 
Charide products (36 and 36a) were obtained in about 50% 
eotcal yield. The 1 y-nmr spectra of these two compounds, 
mopmOoouced in Pigs. 22° and 23, indicate a high level of pur- 
ity. The presence of only one benzylidene and four acetyl 
groups is indicated. The spectrum for compound 36 (F1:6'.. 223 
shows doublets at 4.8 ppm (J = 7.8 Hz) and 4.33 ppm (J = 
7.8 Hz) (Table 2) which were assigned to H-1' and H-1 and 
confirmed by decoupling experiments. The coupling constants 
require the §8-configuration for both of the anomeric centers. 
Also, the +3c-chemical shifts of anomeric carbons (101.2 ppm 
wan $00.8 ppm) (Table 3) support this conclusion: 

The presence of only one signal in the tu-nmr spectrum 
of 36a in the region typical for an anomeric hydyogen of a 
B-giycoside: namely, that at 64.4 (Js= 7.8 HZjeihig. 23) sug 
gested that the newly formed glycosidic bond was in the a- 
configuration. This was best established to be the case by 
examination of the spectrum (Fig. 24); of che preduct (37a) 
obtained on de-O-acetylation. A signal typical sor angano-— 


meric hydrogen of an a-glycoside was now evident at 5.11 ppm 
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weac JiHzZ)_. gConsequentiy ,. thet structureiofsthis-product 
as an oa-glycoside could be assigned. It is well known®? 
Ehateche,Heiferdceh conditions often/lead tose the: formation 
of an appreciable amount of the a-glycoside. Some of the 
Le-nmr parameters of 36a are very striking (see Table 2). 


~n~w 


For, example, as..compared to H-5' of 36, HE be wor 36a is 
0.61 ppm to higher field. Also, one of the acetyl signals 
appearsaats ans unusually hagh field-(1i.45,ppm)ch These 
anomalous values undoubtedly require these hydrogens to be 
in the shielding region of the phenyl group and thereby 
eontarmrthe contfeonmationt drawnes ne Figkiv2 3s 

Thus, three major products (22c, 36 and 36a) were 
formed under Helferich conditions and the yield of the 
desired compound (36) was far from satisfactory. Instead 
of pursuing this reaction further, attention was turned to 
making glycosides by ame bee modification of the classical 
Koenigs-Knorr reaction. 

Garegg and Noreecue | Bosch iad a procedure where they 
demonstrated that the condensation of 2,3,4,6-tetra-O- 
benzoyl-a-D-galactopyranosyl bromide (22a) with a variety 
efisugar alcohols se promoteds bys silver triflate-collidine 
complex, °* provided excellent yields of 8-linked galacto- 


Sides. These results were considered to be due to the 


better participating ability of a 2-benzoate group in the 
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course of the glycosylation reactions. Indeed, when the 
condensation of the azido alcohol 35 with the benzoate 22a 


~~w 


was performed, the desired product (36c) was obtained, after 
ehromatographic purification, in greater than?70% yield as 
one single major product. The 1 yu-nmr spectrum of 36c, 
reproduced in Pag, 924, confirms. thee@=configurationwat: both 
of the anomeric centers as the signals for H-1' and H-1 
appear vat 5.14 and 4.28 ppm, respectivelypreach withia 
coupling constant of 7.8 Hz. 

In order to better evaluate the above condensation 
procedure, it was decided to perform the glycosylation of 
35 with acetobromogalactose and compare the yield with that 
obtained with benzobromide 22a. In fact, 22 also proved to 
be as excellent a glycosyl donor as the benzobromide 22a 
and provided the desired glycoside 36 in greater than 70% 
yield. The structure of this ee anee cout be readily 
ascertained by a comparison of its lu-nmr spectrum with that 
of the sample obtained by way of the Helferich reaction. 
Thus, 1nlour hands, both acetobromogalactose (22) and 
benzobromogalactose (22a) proved suitable: foe the Ggiycosyi- 
ation of 35. Since 22 could beapecnaneduu more easily 


from the commercially available D-galactose, it was used 


to prepare large amounts of 36. 
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As mentioned earlier, it was necessary to remove the 
ester protecting, groups of 36 before the reduction of the 
azide to the amine since the intermediate amino acetate 
mignte-undergo.0=4toeN=acyl migration withthe formation of 
a Stable acetamido group. Two sets, of experiments were 
then performed; one in which the 4,6-O-benzylidene group 
was removed prior to reduction of the azide to amine group, 
and the other in which removal of the benzylidene aie 
was accomplished after the formation of the phthalimido 
GEOup.. 

As presented in Scheme 9;-the~46-O-benzyiadene group 
of 36 was removed with aqueous trifluoroacetic pcia and 
the resulting product, on acetylation, provided 37 asa 
colorless crystalline solid in 80% overall yield. The struc- 
tural identity and purity was established from its 1 -nmr 
seectrum, (Fig.t25).. DMe-O-acetylation of 37 with) sodium 
methoxide in methanol then provided 38 in near quantitative 
yield. The 1o-nmr spectrum (Fig. 26), as expected, shows 
signals for the anomeric hydrogens at 4.4 and 4.6 ppm (J = 
7.8 Hz). The two weakly coupled signals expected for the 
hydrogen at the 4- and 4'-positions are readily identified 
at 3.85 and 4.10 ppm, respectively, by comparison of these 
shifts with those for the H-4 atoms of 8-D-galactopyranoside 


; ' : LO2 
and methyl 3-O-methy1-8-D-galactopyranoside. Ttis 
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interesting to note that this corresponds to a deshielding 
of H-4 compared #to 7H-4" by 0.25 ppm and this difference’ was 
maintained in all compounds having 8DGal(1+3) 8DGal-OR 
structure in which the groups present on 4- and 4'-oxygen 
atoms were the same. 

The reduction of the azide (38) with hydrogen sulphide’? 
provided the desired amine (39). The structure was confirmed 
by its ie (Fig. 27)) and 13¢-nmr spectra. The crude amine 
was treated with 1.1 equivalents of phthalic anhydride to 
form the N-2-carboxybenzamido derivative. Subsequent treat- 
ment with acetic anhydride provided acetylated allyl 
phthalimidoglycoside (40) in 62% overall yield after chro- 
mMaclLographic puriwviication. The’ material crystallized from 
ethanol. 

The presence of a phthalimido group in 40 was evident 
from its tu-nmr spectrum (Fig. 27).  Avcompawison of this 
spectrum with that of 37 indicates significant changes in 
the chemical. shatts of aid protons whichsyare in: the proximigy 
Gf the phthaliamido group. Of these; sthesmost notable; are 
the signals fom H-3, H-1 and H-2 which*arevdeshieldedsby 
about 1.25 0.9 and 0.9 ppm, respectively, and these observda= 
tions are in accordance with expectations’ = in contsast, 


the anomeric hydrogen H-1' and one of the acetyl signals 


are shielded by about 0.3 ppm as compared to corresponding 
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chemical shifts for 37. In general, the 1 and 13¢_nmr 


parameters of 40 are in good agreement with those expected. 
As state@ earlier, an attempt was made to prepare 40 


from 36 via the benzylidene glycoside 41 as is outlined in 


Scheme 10. 
Ph 
(e) 
Ac OAc 
AcO Oo 3 
Ac 6 
Ph 
HO OH © 
#-S Py-EI.N 
a > (Wrthalc anny (1 eq ) 
H2 Dy oine 
HO (w) Ac 7O-Pyriaine 
LY 
Aco oO 
OAc 
fe) CF:COOH CH-CI: 
ne oc 
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terde-Oracerybation. of 36 to form 41, Chesreduction,of 
the azide to the amine, and the conversion of amine to 42 
was accomplished as described earlier. But this procedure 
provided pure 42 (the eee spectrum is reproduced in Fig: 
26) an only 45% overall yield. Treatment of 42 with aque- 
ous trifluoroacetic acid and the acetylation of the crude 
product provided, after chromatographic purification, the 
desired hexaacetate 40y1n 802 yield. Thus, the latter pro- 
cedure provided 40 in slightly more than half the yield of 
that obtained by the procedure outlined in Scheme 9. Conse- 
quently, the former procedure involving the intermediates 
37 and 38 was used for large-scale preparation of 40. 

Returning to Scheme 9, deallylation was Nope STS 
using the procedure described for the preparation of phthal- 
imidogalactopyranose compound 31 from 29. The isomerization 
of the allyl group of 40 to l-propenyl to form 43 was 
effected with tris-triphenylphosphine rhodium (III) chloxide 
in) the presencesots.), 4-diazabicyclooctane under refluxing 
conditions.°”? The ratio of 40 to 43, after 24 h, was 84:15 
as was estimated from the relative intensities of signals 
foretne Hol atoms OF es> and 40 present in the reaction mix- 
ture (Fig. 29). This ratio did not change with longer) reac— 
tion time and therefore the mixture was treated with aqueous 


mercuric chloride solution to selectively hydrolyze the 
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propenyl ether (43). This procedure provided, after chro- 
matographic separation, the desired l-hydroxy compound ae 

in 84% yield. Without further characterization, when re- 

quired, compound ae was converted directly to the bromide 

45 as described below. 

Treatment of ee with 1.1 equivalents of Vilsmeier 
bromide provided the desired bromide 45 in greater than 
80% yield. The 1 y—nmr Spec ErUMe-(P1G... 3.0), OL Lhe? product 
indicated the bromide 45 to oe a fairly pure mixture of 
the a and 8 anomers. The a:8 anomeric ratio was estimated 
to be about 1:2 from the relative intensities of signals 
emo. Oe DDINL (0. =o souns) .and.6.. pi (J = 925enZ)..) AS 
pointed out by Lemieux and poawoenenemues it was not neces- 
Sary to separate the anomeric bromides as both were expected 
to provide only the B-glycoside on condensation with the 
alcohol 20. Consequently, the crude mixture of bromides 


45 was employed. 
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6: 8-Methoxycarbonyloctyl 8-D-galactopyranosyl- 
(1>+3) -2-acetamido-2-deoxy-8-D-galactopyranosyl- 
(1>4) -B-D-galactopyranosy1 (1+4) -8-D-glucopyran- 


oside. Asialo-G,,, hapten (9) 


After phthalimido bromide 45 (Scheme 9) and the 
alcohol 20 (Scheme 5) were prepared in adequate amounts, the 


remaining task was to synthesize the asialo-G,, hapten : (9) 


a S 
as outlined in Scheme ll. 

The condensation of 45 with 20 was carried out with 
sriver triftlate-collidine complex according to the procedure 
described by Lemieux and Sone eee After 24 h, examina- 
tion of the reaction mixture by tlc indicated the consumption 
GEpMmost ‘OL 20 and the formation. Of a single major product. 
Chromatographic purification then afforded a colorless 
amorphous substance in 64% yield. 

The 1 u-nmr spectrum (Fig. 33) of the product required a 
high level ol¢purity. 8s expected femistructure 26, inte— 
gration showed the presence of 9 hydrogen atoms in the aro- 
Maticwreoion (7.4 to 8. ppm) “and 1) acetyl signals (33 
hydrogen atoms). The signals for the 28 sugar hydrogens 
appeared between 3.3 and 5.5 ppm, and the assignment of most 
of them could not have been achieved without the availability 


of the high field spectrometers. Indeed, the resolution and 


dispersion of the hydrogen signals were sufficient at 360 MHz 
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to allow selective decoupling of signals to confirm the struc- 
ture of 46. 

A comparison of the Henne spectrum of 46 Gakic eee SIC) Pea lh el @' 
those of the allyl glycoside 40 (Fig. 29) and the alcohol 20 
(Fig. 8). shows, thatythesysignals) at 5,449.5..24 and; 5.12. ppm 
can be assigned to H-4", H-4"', and H-3 and H-1", respective- 
Ivpgather coupling. cons tant.(8: 0..Hz)-,ofsthe signal.for H-1" 
requires an anti-periplanar relationship between this atom 
and. H-2; and confirmed the §8-configuration for the newly 
established glycosidic center. The chemical shifts of the 
remaining hydrogens could be assigned from the decoupling 
experiments and the estimated chemical shift values are all 
well in accordance with those expected for structure 46. 
Furthermore, the LS oon chemical. ishists, ~.especaaiily. forthe 
anomeric carbons, were in excellent agreement with those 
expected for a typical B-galacto- and glucopyranoside and 
Supported the above structural assignment. However, since 
the structure of 9, derived from 46, was firmly established, 
the, presentation,of these data.an. detail jis considered qsuper— 
fluous. 

Removal of the acetyl and benzoyl groups of 46 under 
Zemplen conditions afforded “a in near quantitative yield. 

As usual, the phthalimido group was then removed using 


pee he The crude amine was not characterized. 
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Treatment with acetic anhydride in methanol followed by 
purification on a P-2 Bio-Gel column afforded a colorless 
solid in 85% overall yield (based on 46) which was charac- 
1 hapten (9). 


The Shorter SPSCtnUum Of 9 isemepreduCced inh Fig.434 and 


terized as the desired asialo-G,, 


some of the parameters are presented in Table 4 along with 
Ehose”- of Structurally retated compounds slt.i1s seen that 
doublet signals for all four anomeric hydrogens are present 
between 4.3 and 4.7 ppm. The coupling constants of these 
Signals (7.8 Hz) confirm the presence of B-glycosidic link- 
ages. Comparison of this spectrum with that for asialo-G,,, 
hapten (8) shows the expected similarity except for the 
Signals arising from the terminal galactose unit of 9. The 
weakly coupled equatorial H-4's of the three galactose units 
were identified at 4.16 (H-4"), 4-10 (H-4"), and 3.85 ppm 
(H=o))-. The two high field signals at 3.44 and 3.22 ppm 
were assigned to H=-2)" and H-2 by a comparison of their chem- 
ical shifts with those for compound 8. The spectra for the 
remaining hydrogens were too complex to be analyzed. The 
13¢_chemical shifts stor 9 (see Fig. 35) are in accordance 
with the structural assignment. This will be explained in 
detail during the discussion of the conformational analysis 
of 9 in theanexi part of the thesis. 

It is hoped that the synthetic compound will prove use- 


ful for the preparation of immunochemical reagents related to 


gangliosides. 
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Bis Conformational Analysis of the Oligosaccharide 


Portions of Gangliosides G and Gu 


M2 i 


Having synthesized the oligosaccharide portions of 
asialo-G,,, and asialo-G,, it was possible to subject these 
compounds (8 and 9) to detailed analysis by Ee and t= Conmre 
im, Order ‘to assist in the interpretation of data, com- 
pounds 48, ol, 52, 16, 50% and 49 were also examined. It 
is seen that compounds 16, 50 and 49 contain the three di- 
saccharide units that’ are present in the tetrasaccharide 9. 
The conclusion reached as to the most probable conformations 
for Sand 9 wii then be applied in an attempt to assess 
the conformational preferences for the related gangliosides. 
Throughout this section the sugar units present in 9 will be 
labelled a, b, c and d (terminal 8DGal) and these designa- 
tions will be maintained for the comparable unit in the more 
simple model compounds. It is expected that this procedure 


will help the reader to appreciate the interpretation of 


the nmr data. 


Le The Assignment of the la-nmr Chemical Shifts 


The “chemical shifts and coupling constants that 
could be determined for the compounds are presented in 


Table 4. Thetspectra for the oligosaccharides are 


* This compound was kindly provided by Dr. R. M. Ratcliffe, 


Chembiomed Ltd., University of Alberta. 
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with Those of the Model Compounds BDG1c-O(CH,) gCOOCH, (48), 8DGal-OCH, (50) 55 
BDGalNAc-OCH, (52), 8DGal(1*4) BDG1c-0(CH,) gCOOCH, (16), 8DGalNAc(1+4) 8DGal- 
O(CH,) gCOOCH, (50) and 8DGal(1*3) 8DGalNAc-OCH,CH,CH, (49). 
Hydrogen 
Sugar Unit atom ms 51 52 16 50 49 8 9 
BDGlc Hig 4.45 448 4.43 4.43 
(8.3) (8.0) eR (Gi) 
H-2 3 3.26 3.25 3.24 3.24 
(9.6) (8.5) (8.2) 
8DGal H-1P asi 4.40 pcg 4.39 4.39 
(7.8) eked (8.2) Ghee) (8.2) 
H-2? 3.49 3.49 3°33 3.36 O88 
(9.7) (9.9) (9.9) (9.9) (10.1) 
H=4" 3.91 3.88 4.03 4.04 4.05 
(325) (PaD) (2235 (Dad) 
8DGalNAc H=1" 4.38 4.59 4.53 4.58 4.64 
(8.6) (8.5) (10.0) (9.0) (8.2) 
Hele 3.88 3.85 4.01 3.89 3.95 
(10.9) (i382) 
H-4° 3.93 3.85 #19 93-88 ripalas 
(3.4) (3.3) (2,2) 
8DGal H=1" 4-31 4.46 4.40 
(7.8) (7-4) eeu A) 
H-2¢ 3.49 3566 3.47 
(9.7) (10.9) 
y-4¢ 3.91 3.93 3.85 
(3.5) (3.3) 


sia ae 


TABLE 4 


Comparison of 1u-nmr Chemical Shifts* and Coupling Constants** (in paran- 
thesis) of Some of the Hydrogens of the Oligosaccharide Portions of Asialo- 


G and Asialo-G,, Related Haptens, 8DGalNAc (174) 8DGal (1+4) BDGlc-0(CH 


2) 87 
(9) 


M2 


COOCH, (8) and 8DGal (1*3) BDGalNAc (14) BDGal (1+4) BDG1c-0 (CH) gCOOCH , 


* Measured at 400 MHz in D,0 at 296°K relative to HOD (4.81 ppm). 


**Observed first order coupling constants. 
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reproduced in Fig. 36, where it is seen that few of the 
Signals could be assigned directly since the spectra con- 
tain large envelopes of signals that were not resolved 
at 400 MHz. The assignments shown were derived as follows. 
The Chena spectrum of the lactoside 16 was poorly 
resolved. The signals for the two anomeric hydrogens (Heiden 
and fo} occurred around 4.4 ppm as a triplet with spac- 
mnogs Of about 8 Hz. THe chemical shifts were 4.43 and 
4.41 ppm, respectively. The signal at 4.43 ppm could be 
assigned to H-1° since this Signal collapsed on spin- 
Gecoupling of theimultiplets at 3.25 ppm. That the latter 
multiplets were that of H-2° was established on the basis 
of its chemical shift comparison with H-2 of 48. This 
assignment was firmly confirmed by the observation that 
in the 13¢_nmr spectrum of 16, the Signal for Cave ae jae 4 
ppm ro was enhanced on selective saturation of signals 
for H-2°. The appearance of complex multiplets for ihe 


in the 1 -nmr Spectrum of 16 (Fig. 36c) indicated that the 


virtual coupling between H-2° and H-4° was probably due to 


106,107 a 
fe) 


the overlapping of the chemical shifts iat—3 and 
H-4°, The situation was further complicated as a result of 
the overlapping Of the signals for H-5° and H-3° with those 
of H-4° and H-3°. This made it virtually impossible to 


measure both the chemical shift and the coupling 
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of Hea in order to ascertain the £S. conformation of the 


pyranose ring ‘a’. But evidence in support of the above “tole 


conformation of the two pyranose rings of B-lactoside was ele- 


107 a 


gantly obtained by Barker et al. by three bond H-1y and 


eee i coupling constants of methyl £-p- 


Pactoside at 600 MHz=" tin’ fact, the reported??? chemical 


two and three bond 


shifts for H-3° and H-42 are’ in accord with ovr predictions 
based on the complex pattern of signals observed for H-2°, 

The signals for the two anomeric hydrogens Cee and 
H-1~-) of compound 50 are well resolved. It was readily 
possible to assign the signals for wee and H-2° by spin de- 
coupling. The higher field quartet (J = 9.9 and 8.2 Hz) 
could be assigned to Ho on the basis of the chemical shift 
of the H-2 atoms for the two simple glycosides 51 and 52. 
This assignment of the signal for Heme appeared unequivo- 
cal. Nevertheless, the assignment was confirmed by satura- 
bron of -the-sidnaly to: H-1° which ees a nuclear Overhauser 
enhancement of Hoa (Rig. t3:7'C)i:. 

In the case of the disaccharide unit of 49, as seen in 
Fig. 36a, the signals were well resolved but the separation 
was not as large as for 50. Spin decoupling of the signal 
at 4.48 ppm partially collapsed the multiplet at 3.54 ppm- 
Therefore, the signal at 4.48 ppm must arise from the 
anomeric hydrogen that is ‘involved in the intersugar glycc- 
sidic bond and therefore assignable to Ree, The assignment 


ef ‘the signal at 3.154 ppm to ee of the 8DGal unit is in 


r — = 


ay 
7 i 


v . 19 
ale a 
asta 2s [ryemnre tres — ea? A#fo2 1890246 OF 32830 az ™p- 


= 
‘Se , 


it to sxdgqee nz egaeiive seg .'s!' eakt sgone y 
ok At 
[Oo ABRs SbOaR Ty our ede B catzanro 1D} 


iF ote 7S saiss4 yd bentagdo. vide 
| 
L wea 


acefterno f° =~) bard - sens bos oe 
i as iw 
; Ra, : . 4 p , 
231i acho ,7563 al .9y% 003 ge eheeetnan 
- P - ; - 
Mi Sas HH) Te af 702 asi ial 
réJJ<Q sO0@rmeto 043 ne begee 
yj acismiie' Cee e449 Oh efenske ott Sn 
baa flow ot@ G2 Savegames Yo Lt 
~ } a | 
| 


ehoce wis aeplesse o2 sléiesog 
ai a 


i 


revo eels eoedotd.oAt ont lage 
» , 


a: 9 = 8 a , a? bs 3 tp Ene ad biz inva 
hilar we 
(42 30gels Oey ole 352 emote Sef, ofa) 2 


at © 


‘ey fia ‘ m+ (en ® * 7 
ra2q465 .7 SG% IB0ts et? So srennpises! sian 


sza 3 > 26W 7S Stea6 oi? ene Lorsievert is 
tw c i 7 

_— — 4 - tin 3 ° ~ is be a ) Pe 

[seat 6 Soateo adadw. Do 203 Iangda: eda %9 imide 
i 

lage. .0i%) “b-8 to sranipanedae 
f 
t (Sag 24° .2) Po cing ati alae avty tc sace edz ar ™ 


sos 


L\oOLwaasdes. eds sid airs se {lew Stav elanpia sits ae a 


‘6ngts ety to valicuooah ¥ae Oe %o> ae Borst hax co 


a 


= 
rey i 


7 
- 
Bo bee 34 talobs ium = hoe tation vite mag, - 8 


Cae as} odie 2400 rigeg 2a.% Ja lanpte ott som 


aes . Tegud aps ht ot? 0k teptaks 2: net ae ne Siwalbbaien © 


. 
idl = - 
J {i -Eeetet . 


7 
U 7 
. ’ 
- _ as 
—_ 


a 
7 


" #5 ott Piste ao? -edtienginen asotexeds bi 5 & nod 
| : 2s " Jee, 7 
‘Siete moe 32 0 amp 


114 


H-4° 
H-2° 


H-1° 


{+ 


H-4> 


(a) 


(b) 


EO a7, The nOe enhancements observed as a result of irradi- 


ating H-1° in the 360 MHz lu-nmr spectrum of compound 
50: (a) the normal spectrum, (b) the iraddiated 


spectrum, and (c) the nOe difference spectrum. 
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(b) 


Pie. 30 The nOe enhancements observed as a result of irradi- 
ating H-1' in the 400 MHz spectrum of compound 49 in 
D.0: (a) the normal spectrum, (b) the irradiated 
spectrum, and (c) the nOe difference spectrum. 
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accord with the expectation based on the chemical shifts for 
the H-2 atoms of 51 and 92. Saturation of Fei Caused en- 


hancement of H-3¢ 


(= 3.0 and 10.5 2)’ and’ Ho5% Mrig.P3p) 
as well as H-3° and therepy provided their chemical shifts. 
Again, the vicinal coupling ponecents confirmed the ex- 
pected eon conformation for the pyranose rings. 

The above assignments for compounds 16, 50 and 49 were 
then used to assist in the assignment of the corresponding 
Signals for the more complex haptens 8 and 9. 

The signals for all three anomeric hydrogens of asialo- 


G hapten (8) were well resolved in the tu-nmr spectrum 


M2 
(Fig. 36d) and therefore could be readily assigned on the 
basis of comparison with those of 50 and 16 (Tablexs4 yy. 
Thus, the signal at 4.58 ppm (J = 9.0 Hz) was assigned to 
H-1° and this was also confirmed by spin-decoupling experi- 
ments, where the saturation of the signal for this hydrogen 
partially collapsed the multiplets around 3.88 ppm. Since 
these latter signals were at positions typical for H=2ei0f 
the ®DGalNAc residue, the above assignment for H-1° was 
established. The chemical shifts of the remaining two ano- 
meric hydrogens were established by comparison of their 
chemical shifts with the corresponding shifts in 16 and 

50 and then further. confirmed by spin-decoupling experi- 
ments of the high field multiplets at 3.36 ppm 22a J = 


bBo ahd Venus eandes 24 ppm, (HO, dk= 7etiand 6.5)h2n 
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Thus, the chemical shifts for H-1° and rent were deter- 
mined as 4.43 (J = We /GU2)kand 4£239¢4) f=*7t7eha)Mppmepere= 
spectively. The only other signal that was well resolved, 
and that could be readily assigned, was that of Hea” (4.04 
ppm) on the basis of comparison of its chemical ahete in 50. 
FPhus;nthéesiamilanj ehemical yshifts and tcouphingsconstants 
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and H-2° (Table 4) 
ingeompounds ee, 7) 50) sand 16 strongly suggested that indeed 
the 4G. conformation was maintained in 8 also. 

imyrcontrasts toscemnpound 8, the lu-nmr spectrum of 
asialo-G,,, hapten (9) (Fig. 36e) was more complex but still 
the chemical shifts of the anomeric hydrogens could be 
determined with confidence by simple comparison of the ae. 
nmr spectrum of 9 wijth tbhose sof 8 and 49. These are 
presented in Table 4. Also, the weakly coupled equatorial 
hydrogens of the 8DGalNAc (H-4°) and the inner 8DGal (42) 
units could be assigned to signals at Ae Banc 4.05 ort 
respectively... | Asyexpected, the shigh*fteld«ultiplets rat 
3ia35 pppm (nso) and 3.24 ppm (He? S) in compound 8 were not 
affected iassacresult<of ighycosy latiomsrat 3-OHS to form 9. 
These remarkable similarities of chemical shifts among 
compounds 9, 8 and 49 led to the:.conciuston that all pyra- 


nose rings in the tetrasaccharide 9 reside predominantly in 


the ac conformation. 
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ae The, ASsioments, of ey ae Chemical Shifts 


the 13¢-nmr chemical shifts for the model compounds 


48, 51, 52, 49, 50, 16, 8 and 2 are presented in able =>. It 
can be seen that the resolution at 100 MHz was sufficient to 
allow, in each case, the assignment of a line for every car- 
bon in the molecule. In the case of the tetrasaccharide 9, 
signals were not well resolved at 73.09 and 75.00 ppm 

(Fig. 35). Nevertheless, the coincidence was evident from 
the intensities of these signals relative to those for other 
secondary carbon atoms. 

The assignments of signals in Table 5 were all done by 
comparison. It 1s realized that this’ procedure may lead to 
errors. However, such errors are expected to involve 
shifts that differ by less than 0.2 ppm.and are inconseguen- 
tial to the conformational sanalysis. For example ,sstheisig- 
nal at 75.00 ppm, which is assigned in Table 5 to c-5° of 
9, could in faet arise from C-5° which is assigned to the 
Signal, at 75.07 ppm. ssAlthough. an extensive nmr sexamination 
may have allowed unequivocal assignments of all the signals, 
such an expensive exercise did not seem warranted for the 
purpose of this thesis since any such errors would not affect 
the conclusions to be drawn from the data. 

oa se werk establisheal%® that the glycosylation of a 


sugar hydroxyl group to form a disaccharide normally leads 
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Sugar Unit 


EDGlc 


£DGal 


EDGalNAc 


£DGal 
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TABLE 5 


143) 


The Assigments of the C-Chemical Shifts* for the Asialo-G.- and Asialo- 


M2 


G related haptens BDGalNAc (1*4) BDGal (1+4) EDG1cO (CH) gCOOCH, (8) and 8D- 


M1 
Gal (1*3) 8DGalNAc (1*4) BDGal (1*4) BDG1cO(CH,) ,COOCH, (9) based on the Shifts 


Observed for the Model Compounds BDG1c-0(CH.,) ,COOCH (48), BDGalOCH, (Sr), 


3 
BDGalNACOCH, (52), BDGal (1+4) BDG1cO (CH) ,COOCH, (16), BDGalNAc (1+4) BDGalo- 


(CH,) gCOOCH, (50) and BDGal (1+3) BDGalNAcO (CH,),CH, (49). 


Chemical Shifts, ppm 


cee” eye 52 48 16 50 49 8 
la 102.54 O25 32 O27 
2a 73.40 weve al WiEkcalks 
3a 76.14 74.76 74.76 
4a 69.88 78.81 79.04 
5a 76.14 Wiey5 (0)73 De aO 
6a 61.06 60.45 60.53 
lb 104.08 NOBa2e 102.80 OS. S34 
2b 71.00 Wie Tet eals ate Ves 
3b 13605 Wide 73.08 72.90 
4b 68.94 68.84 76.15 76.48 
5b FV EKS US scl 574 74.29 74.78 
6b 61.23 615.27 60.61 61.03 
KC 102.63 102.98 101.56 102.94 
ZG 52.54 52.99 51.63 53.08 
sic 1.39 lee © 80.19 JA 45 
4c 68.10 68.12 68.32 68.21 
5c 7533 75.09 75.00 Meta: 
6c 61.22 ‘ 6ka3'3 61.19 61.41 
1a 104.08 105.06 
2a a O10 70.92 
3d TEXALO Weed © 
4a 68.94 68.88 
5d USAENS WU Die2o 
6a 61.23 61.28 


* Measured 


external 


at 100 MHz in D50 at 305°K with 


tetramethylsilane as reference signal (0 ppm). 
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to a deshielding of the new aglyconic carbon by about 7 ppm. 
This, however, may not be the case should the ieee oe eee 
provide a branched trisaccharide with glycosyl groups at neigh- 
boring positions.°" Thus, the signals for the $DGal unit 


96 


of 16 could be assigned from those established for §fDGal- 


O-CH, (Table 5).- The introduction of the BDGalNAc unit on 


S 
eoyig to provide 8 would be expected to cause deshielding of 
Ehvs atom (607.84 ppm) Dy, about 7“"ppmVanad)o arm facws thesignal 
assigned to quae of 8 at’'*76.48 ppm s+ arr accordaewith ‘thifsitex=- 
pectation. The assignments in Table 5 for units a and b were 
made following similar considerations. Furthermore, the chem- 
feal “shirts for the perc sunt ts of 16, 8 and 9 were arrived at 
in this way and are seen to be in good accord with expectation 
based on the chemical shifts for BDG1c-O (CH,) gCOOCH,. Mimo ect, 
the assignments listed for 16 are in accord with those re- 
ported for the same compound by Banoub and Bundle./? The 
assignments made for the first two residues (8DGlc and §DGal) 
of the oligosaccharide (Table 5) are therefore made with a 
high level of confidence except for the signals for Gale 

and C2” of the disaccharide unit of compound 50. Obviously 


b 


etn may have occurred at 102.98 ppm and C-2) at /1.26 ppm, 


the signals which are assigned to Coles and Gaqs OL 50, re- 
spectively. The assignment of the signals for c-6° and Cone 


of 8 and 9 are evidently provisional since there is no 
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reason to expect that the conformational preference for a 
freely rotating group will remain constant. 

Similar considerations then led to ene assignment of 
the signals for the 8DGalNAc unit of 8 and the §8DGal(1>3)- 
BDGalNAc unit of 9. The correspondences of chemical shifts 
are evident and do not require detailed discussion. As 
mentioned above, although most of the assignments are likely 
correct, some errors may exist on the choice between two 
Signals, for secondary carbons that differ little in chemical 
shifts or for the hydroxymethyl groups since these may ac- 
quire somewhat different Soar ona onal equilibria as the 


result of the structural changes. 


Ri Conformational Analysis of the Haptens 8 and 9. 


?) 
The good correspondence between the 13¢_chemical Shorts 


for those atoms about the glycosidic linkages in compounds 

8 and 9 and those for the carbon atoms about the intersugar 
residues in compounds 16, 30 and 49 (see Table 6) can be 
taken as evidence that the conformational preferences for the 
disaccharides are well maintained in the corresponding units 
present in the higher oligosaccharides. It was considered 
meaningful, therefore, to establish the conformational pref- 
erences for the disaccharides on the assumption that these 


are maintained in compounds 8 and 9. In this regard, it is 
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TABLE 6 


The Correspondence in Chemical Shifts (ppm) 
Observed for Atoms that are Common 


in the Structures Listed (see Tables 4 and 5) 


The 8DGal(1>4) 8BDGlc Linkage: 


Compound Cone Cals neste oe 
16 1s? revo 4.40 == 
eoGie oyggess 79.04 4.39 es 

9 103.52 Foes 4.39 aes 


The 8DGalNAc(1*4)8DGal Linkage: 


Compound Cas c-4P H-1— ed i 
50 130.2259.8 WOLD 4.59 4.03 
8 102.794 76.48 4.58 4.04 
9 LO2 475 hOw DS 4.64 4.05 
The §8DGal(1>3) 8DGalNAc Linkage: 
dana) eal ee ee Ay RRS 
49 105.06 S10). 19 4.46 So 
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useful to first obtain a molecular model which can then be 
tested by appropriate nmr experiments. Since HSEA calcula- 


tions have provided useful models for this purpose, °4 


this 
method was applied to the disaccharides i6, 20 and 49. 

The various torsion angles au and We for’the glycosidic 
linkages are designated as indicated in the following formu- 


Yas. The t angle is’ the®angle defined by the glycosidic 


Garbon;,¢gqlycosidic +oxygen vand vaglyconicwearbon atoms. 
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As usual, the three-dimensional co-ordinates of the indi- 
vidual sugar units required to program the HSEA calculations 
were obtained from the published X-ray crystallographic data 
for methyl 8-D-galactopyranoside,+99 n-acetyl-8-D-galacto- 


110 ana genticbiose. 11+ The models were built by using a 


7084 


samine, 
Teangle of Pld and by varying the oH torsion angle from 
Tou BtOr Lous at intervals of 15°. for "each ye torsion angle 
examined. The choice of the he values was limited to the 
Banges+20F tog-20S (using iS° antervals) ‘since at is well 


ae that the minimum energy conformers for simple 


established 
6-linked disaccharides fall in this range. The minimum 
energy conformers are presented in Table 7 along with 
internuclear distances that will be relevant to the dis- 
cussion of the results obtained in the nuclear Overhauser 
enhancement studies. 

As was mentioned earlier in connection with the assig- 
ment of 1y-chemical shifts, the B-lactoside was not well 
amenable to nOe studies based on the selective saturation 
of oe since its signal was separated from that for Hoe by 
Only, 0.03" ppm (2), 40Hz).) in addition, thexsignais for eet 
overlapped with those for H8" and fea which would also 
exhibit nOe enhancements. Therefore, for the present pur- 


poses, it is assumed that the conformational preference for 


16 is that estimated by HSEA calculation and the same as 


5 —— 
| he ants an) eae 
-thel stg to asteakbyesds ales cleat eee lRiat ala nd 5 Be 


isu AMA oh me wget ad Bovhowon eadnl see 
V2 USK Heriaitidug ony govt ee 
OLapeel~h—LigheGiat ei a cearasysternetapadnd te 


fy rie a two. Cee 


? 


udu ed 726i stew acaba galt 7" eetreeiietes meee 
Say i. 
t —se * 
. 9) Az a3 3. ory RLV AAV. (4 Sae AP LL to, 
. , A ny 
hee foss 7O3 *t 34 #laviasn’ 26.4661 < 22 


+ * é 4 
ai4 sadisv "Y GY to epkegalege me 
| . or Ve 
(ow ai of eoiia (aiaveedob. 2 ene) (ee ees FOSe bahar 
a 


errs re) EAL ois wane stabi eg, 


20As? 2ity ai {hey aek2 tetoneert bedati-d 


side? ad sali dehehcs. th ‘twerataen \ im 
Vales, od Dobe: parte joatiag tsb, saat onset ok 
savndes iolSun: ate wi Sen setae’ tukuens ws to nota 
| | wotbude jasme. “i 
"26 ef d32v aolrpeadse ak eedicah homeh2tets daw 2A | 


Liew san 280 atta sds pOrT ity Sao .tmbetoit! te 4 
HLI6nitae suieneide weld fe 7 anthute #0 o aid a 
“Lait 462) geet me? harkeoged ‘eww jangeia s4t stent hare 
"S=l 70k uieapea aXe cn ot. tet 6.9) mag Eos “0 ie 
sale fiver doliiw “Gen 'aee Ary xo SeOns _ jotreis F 
“IG T4S7eia O12 sok —eeetersAy anise 200. site 4 
>| suVeraiew sialiiashe chai ot? saute Sune es 42 .eba04, 
26 aide oH? has noise itfadan axha vi Setemisen sen? ak, ar 


oT 
em 


5 7 


* 
- 
oy : : 
yy 
oa 
7) 
— i 
7 


25 


*poutT—Taepun are sntpear sTeem 


(S-H) BLieac (,€-H) Soa Cc (,¢-H) 090°E€ (cop) 


Vise & PUSH) SOG. tes) O9P °c *pt-H wort 


(<G-H)e pit -c. “(Re-Hie LOS “te (2-H) ~c90° Gs Gow) 


6a” © (at -Hie6Ge eR (Pah On Ce ee 


fe . ‘ oa ° 4 ce ° ‘ bt 
(4S Hie 8 00.2 (ge H) SSS ¢ (Qe H) 090 7€ eek H) 


G06°E pee Ht) POU Ve Gaveuie ec Ud Cc "ql H Wot 4 


OS 


WY ‘sooueqystqd rzeeTOnNurSAUI 
fe} 


uoTReTNOTeD WASH Aq paqeut3sg se soptteyooerstd 


Tepow ey AOF SaeodueAeForg TeuotzewAOFUOD UL 


L ATav 


zap 


oOT 


oOT 


UeA BYU UTYRTM SWORFe SSOUL » 


oSG 


oGSG 


OWNTPOGY (€<«T) TePOdY 


Teodd (p<«T) OWNTXB Odd 


9T9d9 (¥<«T) TeOdd 


3TuQ eptzreyooestgq 


e+) otc. . Mow 


r nd 
(7h Slee . <7 e~y 
mi ——— 4 
ae 4 ‘ 
SIGE 4, tP- HR CES 8 yt” 
: : ‘ 
Pane) er=.s . ("eH 
aA 


wy 


4 


eae. Vh~er Sens » og) Gea .s » Ope ahaa 


S-H}) sagck*, (ems 


me 


Sab. 3 2 Dae peers 
c 


("s-7) G3G.4 . tes) 


snolinlootso Aaa vd besamivel en gebi 
[ates 7 a _ _ 


¥ q a = 
va oe & - _ 
: 7 7 
‘ 
: 


ott - 


; : Lh 
"ee $arreat)>-1) SAREOe 


— ; 


ad SM yetGiit+1) toda 


i 
ro 


__# 


wy nies iw amcodh ozs? 


——————— 


126 


that published for the human blood group Type 2 disaccharide, 


84 
BDGal(1+4) BDGlcNAc. In fact, these estimated values of the 
torsion angles (7, yo = 55°,0°) are in good agreement with 
those reported by Barker et ere based on cet h three 


bond coupling constants. 


The internuclear distances reported in Table 7 for 


compound 50 show H-1° ‘to be sufficiently close to H-4?, 


- and Hass SoO,that Saturation: of Bevis should show 


Bolo, eh 
an enhancement of the signals for these hydrogen atoms. 
Examination of the difference spectrum, reproduced in Fig. 
37c, shows that in fact several signals were enhanced but 
the quality of the spectrum allowed only the assignment of 


b 


the enhancements for the signals of H-4™ and see Although 


the data was not suitable for further analysis, the strong 
enhancement (9%) observed for rede is clearly in accordance 
with the model obtained by HSEA calculation which sets the 
distance between H-1° and Hee at less than the sum of 
their van der Waals jeradiia (2.7 hoe 

As seen in Pig. 56, the quality cof the nOe measurements 
for compound 49 was excellent. Saturation of See caused 
enhancement of all the signals for the hydrogens that were 
expected to be enhanced on the basis of the HSEA calculation 


(lable 7); namely, Hose eo ge Heat and Hes at The enhance- 
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quantitative assessment of these enhancements°? was not 
attempted. 

The fact that the nOe experiments for compounds 30 and 
49 proved to be in qualitative agreement with expectation 
based on HSEA calculation, together with the 43 c-nmr 
chemicalmwshift data indicating that the conformational 
preferences tor the disaccharide units of compounds 16 and 
50 are maintained in compound 8 and those for 16, 50 and 
493 are maintained in compound 9, Suggest that the ener- 
getically most favored conformers for the oligosaccharide 
portions of 8 and 9 are near those represented by computer- 
drawn projections of CPK models in Fig. 39 and 41 and of 
Dreiding models in Fig. 40 and 42. The main purpose of 
these drawings is to allow the reader to accurately con- 
struct the models predicted by HSEA calculation. Further- 
more, a consideration of these drawings does provide an 
appreciation of the differences in the shapes of the mole- 
cules and how different views offer different topographies 


for binding of a lectin or antibody combining site. 
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Fig. 39 


The computer drawn projections of the CPK model of 


the oligosaccharide portion of the hapten 8 and 


of 
A. 
1345 
to 


asialo-Gyo as derived by HSEA calculation: 


the molecule as viewed along H-2© - C-2¢ bond; 


the view of the side of the molecule opposite 
that in A. 
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The computer drawn projections of the Drieding 
model of the oligosaccharide portion of the hap- 


ten 8 and asialo-G as derived by HSEA calculation: 


M2 
A. the molecule as viewed along Heo aCe bond; 
B. the view of the side of the molecule opposite 
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BDGal NHCOCH, 


Fig.4] - The computer drawn projections of the CPK model of 


the oligosaccharide portion of asialo-G as 


Ml 
derived by HSEA calculation. A. the view of the 


molecule along ey tessa ay bond; B. the view of 


the side of the molecule opposite to that of A. 
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Fig.42 The computer drawn projections of the Drieding 
model of the oligosaccharide portion of asialo- 
Guy as derived by HSEA calculation: A. the view 

of the molecule along Hee ane bond; B. the view 

of the side of the molecule opposite to that of A. 
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4. Conformations of the Oligosaccharide 


Portions of the Ganglioside val 


The conformational analysis ot oligosaccharide 
structures has advanced sufficiently in recent years? to 
allow the presentation of the pentasaccharide unit of Gul 
as shown in the conformational formula 53. However, such 
two-dimensional formulas provide only a very approximate 
appreciation of the molecular structure and are of very 
limited use to immunochemistry. This section is concerned 


with an attempt to achieve a three-dimensional model for 


Cul in its minimum energy conformation. 
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oe 
5S 
Figzsa 4s The approximate conformation of the oligosaccha- 


ride portion of the ganglioside Gua’ 
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A synthetic sample of the methyl glycoside of the sodium 
Salt of N-acetyl-a—p-neuraminic acid (10) was prepareali3 and 
examined by 1 Caen The chemical shifts reported in 
table 8° COrrespondvexectiy with the Jiterature values ex- 
Cepr by a displacement sof ly..0 ppm, 114 

An authentic sample of Gu was available* in an amount 
adequate for +? c=nmr spectroscopy. The chemical shifts are 
reproduced in Table 8 along with those obtained for hapten 
oO In order .to assessiwhether the “introduction of ‘the o= 


~ 


NeuNAc group at eee (ane asialo-G,,, caused a change in the 
conformational equilibrium of the neutral core oligosaccha- 
ride, an attempt was made to assign the signals for Gu (53) 
on the basis of the signals observed for methyl aDNeuNAc (10) 
and the asialo-G,,, related hapten 9. Tovthis ‘end the first 
step was to Bele ae the signals from the spectrum for Cul 
that correspond best to those found for methyl a-sialoside 
(10) except for the anomeric carbon where the shift cannot 
be expected to be the same because of the change in aglycon. 
One of the.two signals ‘that, occurred au ,02.92 ppmawas used 


for this) purpose." gsince git, is considenedMreasonablesto 


*Kindly donated byaDr-“S7kKaeKundu, Dept.Wol dnternal*Mediecine, 


Baylor College of Medicine, Texas Medical Center, Houston, 


Texas wis0s0 
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TABLE 8 


13¢_nmr Chemical Shifts 


The Provisional Assigment of the 
for the Ganglioside Guy on the Basis of the Assignment 
for the Sodium Salt of aDNeuNAc (10) and Hapten 9 

(Table 5) and the Comparison of the Assignment with that 


Published for Gy * 


1 
rks a a ie 6G 
Sugar Unit Airoms a RNEWNAC 20 2 ery Cie Ue Ie eMieok) wooMa 
BpGlc la 102.56 102.24 =0.32 103.40 = boll 
2a 73636 VEINS 0.20 74.09 =0.53 
3a 75.00 74.75 =0.25 25623 -0.48 
4a 79.37 79.41 0.04 79.80 == (0/0319 
5a US6AU Udo 73) -0.04 75.74 O52 
6a 60.81 60.71 O51 Ogg 461 00 wu D25 
BDGal lb 103.52 103.20 =O 2 103.40 -0.20 
2b Vln 2:0 TAs sial 0.11 Wows: -0.42 
3b I3000.  et298 Eo Lee 
4b To. ee iweasg Face 6978.16 ¢o-3739 
5b 75.00 Ar 0.25 P2508 Ad) 4745) 
6b 61.24 61.05 =Orel9 61.83 (05 A! 
BDGalNAc le 102.75 102.92 0.17 103.40 -0.48 
2c seidAS sitisot Me pkeawetsy i770 f-1 125 
3¢ 80.25 80.90 0.65 Samos -0.42 
4c 68.59 68.92 0833 68.75 O7, 
Se 75.07 DD iere/s 0.16 75.74 =O). 51 
6c 61.54 61.37 =O) 7 61.43 -0.06 
8DGal 1d 105.16 EOS 07 =0)109 105.62 =0.55 
2a Token! Uevqalys =0.102 71.89 -0.77 
3d 73509 U5 28 0.09 USES -0.41 
4d 69.17 69.69 0.52 69.20 0.49 
5d 1565: Woe -0.28 75.74 AG =t 
6d 6}. 5S Sivoo) b-oriys Mhel.437) 20206 
Sodium salt le 173.67 174.46 174.53 -0.07 
of aDNeuNAc ze 100.99 102.92 102. 51! 0.41 
3e 40.38 36/7 Slo TS =0.99 
4e 68.56 68.52 69.20 -0.68 
5e Dae 52 BUSES 0.25 
6e 72.86 UA6 SS) Vso 32) -0.60 
Je 68.49 68.30 69.20 =0'. 90 
8e 71.94 2h DD 72.86 -0.31 
9e 62.94 63.34 63.98 -0.64 


*Measured under the conditions described in Table 5 except for the published 
valices. which were measured at 67.89 MHz in a mixture of D,0-CD,0D (lel v/v) 


at 42°C under buffered conditions (pH = 7.1). 
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expect that the unit that was least likely to be affected 
by introduction of the sialosyl group would be the terminal 


8DGal unit, chemical shifts were then extracted from the 


Spectrum, Of 9 to mateh those in°-the spectrum of Guie The 
next unit expected to be least influenced would be 
the BDGlc group and, accordingly, these signals were 


then assigned. Because of the effect on chemical shifts that 
would be made by the substitution of the 8DGal (unit b), 

the chemical shifts @f£or this unit, could notibe anticipated 
on the basis of the available data. Therefore, the signals 


for the BDGalNAc unit, of.G were assigned from the group of 


Ml 


unassigned signals that remained. As it turned out, the 
same assignments would have been made in the absence of this 


consideration. 


Assignments of the 13¢-chemical sniits ~-foraG 


Ge 


M1 have al- 


ready been published by Sillerudet al. These assignments 
are presented in Table 8 where these are compared with 
those.presently made ps wsubstantial saguechentsexrSts .nespite 
of the fact that the spectra were evidently mot, measured 
under comparable conditions. For example, there, can ,.be no 
doubt that the signals for Guo") and: Ca5 5 are «correctly .iden- 


tified but a substantial discrepancy occurs regardless of 


how these are assigned. 
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On the basis of the presently assigned chemical shifts 


for G as seen from the column for Guin 9, the Chemical 


M1’ 


shift values for most of the carbons are in excellent agree- 
ment with expectations. The introduction of the a-sialosyl 


group at ei as found in Gud (53), has profound effects 


Omitnhne chemical snitts for €n2”) c-3> and E24. The de- 


b 


shieldingijof 4.73 ppm for C-3° “in 54 as compared to 9 is 


lower then normally observed (7-8 ppm) for linear oligosac- 


108 Joe 
charide structures. This is not surprising since Lemieux 


et a have demonstrated that the glycosylation of the posi- 


tion vicinal to the existing glycosidic linkage (e.g.; 


eu» and C4 in 9) to provide a branched structure results 


in the deshielding of the carbon involved in the newly 


formed glycosidic linkage eee OL 54) by about half the 


value of that normally seen in linear structures, while 


an enhanced shielding is observed for the adjacent carbon 


b 


(C=4~ 0of6i5 4), which is. already glycosidated. In fact; it 


can be readily seen from Table 8 that the shielding ob- 
served for eon. (1.78 ppm) is twice that observed for opie 
(0.89 ppm) on going from 9 to 34. However, no such ration- 
alization could be provided for the changes in 130-chemical 


© (-0.64 ppm) and ovis (0-52 =ppm) 


shifts of C-3° (0.75 ppm), C-2 
and it is provisionally accepted that the substitution of the 
a-Sialosyl group at Case caused a specific deshielding or 


shielding of these carbon atoms. 
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Regardless of the Overall correctness of the assignments 


made in Table 8, the relatively small 6G, 799 values obtained 


b d 


for7C-1ls(-Onoc)5 Car (O227)¥% and C=l; ((-0.09). appearacor- 


rect and on this basis it can be expected that the conforma- 
tional preference for the oligosaccharide unit of asialo- 


G is essentially maintained when this compound is conver- 


Ml 


ted to G,, In an attempt to gain further information on 


1° 
this matter, an HSEA calculation was made for the trisac- 
charide unit 8DGalNAc(17+4) [aDNeuNAc (2>3)]8DGal of Gul Lor 
this purpose. The co-ordinates for the atoms of the NeuNAc 
residue were obtained from the crystallographic data provided 
by Flippen?1>° for SDNeuNAc acid (2 ) but exchanging the 


Positions, of the carboxyl group” (C-l) and” the’ O-2 atom as 


shown below. 
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The carboxyl group was oriented in the direction which 
provided, as estimated by hard-sphere calculation, the 
least non-bonded interaction with O-2, O-6 and H-3 (equa- 
torial). This procedure estimated torsion angles for the 
c*-0* (C=0) and c’-0P bonds with the C*-0* bond to be -168° 
and +12°, respectively. On this basis, the HSEA calcula- 
tions were performed with the carboxyl group in this 
orientation following the iterative procedure used by 
Thggersen et iow to estimate the minimum energy conforma- 


tion for the human B blood group trisaccharide (aLFuc(1-2)- 


[aDGal (1>3) ] 8DGal. 
TABLE 9 


The Conformational Preferences for the Four 
Disaccharide Units Present in Ganglioside 


G (54) as Estimated by HSEA Calculation 


Ml 

H H 
Disaccharide Unit Om ae 
BDGal (174) BDGlc 55° On 
RBDGalNAc (174) BDGal S5c u GOES 
BDGal (173) BDGalNAc So 10° 


aDNeuNAc (273) BDGal -165° PRUs 
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The calculations showed (see Table 9) that the pre- 
ferred conformer well maintains the ¢ and \ torsion angles 
Calculated for the tetrasaccharide unit of asialo-G,,,. 
This observation lends support to the conclusion drawn from 
the o Ceenenical shifts data (Table 8). 

On the basis.of the HSEA molecular model (Fig. 41 


Pag. 42) fLor-asialo-G as seen in Fig. 44, one side of the 


M1’ 
molecule (A) is strongly hydrophilic in the sense that it 
brs ™rich An ox yVoenmacomssana nYOroxyl groups. 1n Contrast, 
the other side (B) has an extenSive topography that can be 
expected to be compatible with a hydrophobic surface. The 
achievement of this insight is of major interest since the 


POLES 1 POyie 
Do eCene 


work of this laboratory has demonstrated, 
years, that there exists a strong hydrophobic bonding compon- 
ent to the specific binding of oligosaccharides by antibod- 
tes and’ lectins. Thevcorollary of “these fandings is that 
the lipophilic regions of the topography of an oligosaccha- 
ride antigenic determinant is importantly involved in 
dominating the immune response. Evidence in support of this 


a,/? and the subject undoubtedly 


contention has been obtaine 
will become of major interest as a tool in the general area 
of iammunclogy in sthe sense that it already appears predict— 


able that the projection shown in Fig. 41B for asialo-G,,, will 


be immunodominant. It is to be noted in this regard that the 
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conversion of asialo-G,, to the ganglioside al involves 


the insertion of the a-sSialosyl group on this hydrophobic 
side of the molecule with the carboxyl group occupying a 
central position. Thus, it appears predictable that anti- 


bodies specific for asialo-G,, will not cross-react with 


unless the binding is restricted to the region about 


the terminal ~epGal urnwc. in fact, Marcus and co-workers~9 


did observe that the IgG antibodies specific for ASialoe 


did not cross-react with Gu The juxtaposition of the 


1° 


carboxy] groupeot G next to a strongly hydrophobic topog- 


Ml 
raphy is of major interest since the combination of the two 
surfaces to form an amphiphilic region may provide a clue 


as to how the important biological functions of gangliosides 


are expressed. 
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Fig.44 The computer drawn projections of the CPK model of 
the oligosaccharide portion of the ganglioside Gu 

as derived by HSEA calculation: A. the view of 

the molecule along Hogue C=2— bond; B. the view 


of the side of the molecule opposite to that of A. 
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The computer drawn projections of the Drieding 
model of the oligosaccharide portion of the gangli- 
oside Gu as derived by HSEA calculation: A. the 
view of the molecule along ieee c-2° bond; 

B. the view of the side of the molecule opposite 
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Tbe SE xXPERIMENTAL 


All solvents and reagents were purified according to 


nae All solid reactants for glycosyla- 


standard procedures. 
tion were dried overnight over phosphorous pentoxide in a 
high vacuum prior to use. The molecular sieve (BDH 4 A) 
Was sorted lat Eh OUCrtorn 2A mrjust prior! to twse.<. Solvtion 
transfers in these reactions were done under dry nitrogen 


using standard syringe techniques. 7??? 


Removaisiot O-acety1 
and O-benzoyl protecting groups was effected using a 0.5 M 
solution of sodium methoxide in dry methanol. 

The solutions obtained in the course of solvent extrac- 
tions were filtered through paper pre-wetted with the solvent 
and further dried over anhydrous magnesium sulphate before 
solvent removal with a rotary evaporator under the vacuum of 
a water aspirator and, unless otherwise indicated, at a bath 
temperature of 35°C or less. 

Thin layer chromatograms (tlc) were performed on pre- 
coated silica gel 60-F254 plates (E. Merck, Darmstadt) and 
visualized by charring after spraying with 5% sulphuric acid 
in ethanol. For column chromatography, silica gel. H (type: 60) 


(E. Merck, Darmstadt) and distilled solvents were used and 


the columns were loaded in the: range 1:30 -—) 1350). 
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Unless otherwise stated, proton magnetic resonance 
i a 
(“H-nmr) spectra were recorded on a Bruker WH-200, 360 MHz 
or 400 MHz at 296°K. Carbon-13 nuclear magnetic resonance 


eeconnr) spectra were recorded on a Bruker WH-200 (50.323 


MaZ) Or Wh-400 “(100 .614°MH2) ar 305°K., ee and 13¢_nimr 
chemical shifts are in parts per million (ppm) relative to 
internal 1% tetramethylsilane (TMS) in organic solvents. 
The Li-chemical shifts for compounds in deuterium oxide 
(D0) are expressed relative to HOD Signal (4.81 ppm at 
296°K), whilesthe 13¢-chemical shifts are expressed using 
deuterium signal of the solvent as the reference. Whenever 
comparison of 13¢_chemical shifts among compounds is made, 
the same spectrometer and temperatures were used. Optical 
rotations were measured on a Perkin-Elmer 241 polarimeter 
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8-Methoxycarbonyloctyl 4-O-(8-D-galactopyranosyl) - 


B-D-glucopyranoside (16) 


A solution of acetobromolactose?? 


(13) (72.0 oe, 1057mmol) 
in dichloromethane (400 mL) was added dropwise to a vigor- 
ously stirred suspension of anhydrous silver carbonate 
(56.5 g, 206 mmol), anhydrous calcium sulphate (40 g) and 
8-methoxycarbonyloctanol’~ (36.2 Gaols2.5° MMmol) ) ansdry dichlor= 
omethane. (6000mL) “over auperiod-of 2 h. After stirring at 
room temperature for 16h, the reaction mixture was filtered 
through a bed of diatomaceous earth (10 g) and evaporated to 
a syrup which was dissolved in a mixture of toluene- 
nitrobenzene (1:1, 800 mL) containing anhydrous mercuric 
bromide (Cl OG): ~Aimtver Stirring, Tor 24. hvaty 50°C, the 
reaction mixture was diluted with dichloromethane and washed 
with an aqueous potassium iodide solution (10%, 150 mL) and 
then finally with water (300 mL). Evaporation left a 
colorless syrup which was extracted with cyclohexane (4 x 
100 mL) to remove the excess 8-methoxycarbonyloctanol 
(160 g).> The vyteld=cet the crude ‘syrup was 75.0 9% 

A freshly prepared solution of sodium methoxide in an- 
hydrous methanol (10 mL, 0.5 M) was added to a solution of 
the above syrup (75.0 g) in anhydrous methanol (500 mL) 


and stirred at room temperature for 6 h. A white suspension 


was obtained during this period which was cooled to 0°C, 
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filtered and the residue was washed with ice-cold methanol 
(2 x 100 mL). The residue was crystallized from methanol 
(sia2 9; 59% vield), toertormm colorless crystals; m.ep. 164- 
eos. Wels dit” Mss apie way 

*H-nmr (D,0, HOD = 4.81 6 at 296°C) (Fig. 4) 6: 4.41 
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8-Methoxycarbonylocty ls. 2 73:9 6-tri-O-acetyl—4-0- (2,3, 4,°6- 


tebra-O-acetyl-=p-D-galactopyranosy.1).—g-D-glucopyranoside;, (15) 


8—-Methoxycarbonyloctyl ie-lactoside .(16):(1.039g, 1..95 
mmol) was dissolved in 10 mL of pyridine-acetic anhydride 
(Pel) and stirred at room temperature for 24 h. .The reaction 
mixture was poured over ice (25 g) and extracted with di- 
chloromethane (2 x 15 mL). The dichloromethane layer was 
washed with water, ice-cold HCl (1 N) and aqueous saturated 
sodium bicarbonate. Evaporation left a foam (1.40 g, 903% 
yield) which was homogeneous as examined by thin-layer 
chromatography (tlc). Regen 10g Fe SREY eo ehs(epl vis gileker 
tie clei 21 Ge 2G CHO Ler. 
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+36 -nmr (CDC1 3) Pome 0s 2270120000, .069Neo, 169.43, 


£60.94) (StxnC=O) per oosseper LOO. s4y(C=lsand C=l)), 76.30 (C-4), 
OO, he 6 D9 ne) Poo, 8 0.697 70501, 69.17, "66.65, 
62.07, 60.81 (10 lines expected, 10 lines observed, the 
remaining carbons in sugar units and the aglyconic carbon), 
oi.31 = 20.38 “(remaining carbons in aglycon and CH, of 
acetyls). 
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8-Methoxycarbonyloctyl 4-0-(4,6-O-benzylidene- 


B-D-galactopyranosyl)-8-D-glucopyranoside (17) 


A suspension of compound 16 (24.0 g, 46.8 mmol) in dry 
acetonitrile (500 mL) was refluxed with a,a-dimethoxy- 
poluene (14.2500, 95-7 5 mmod) and p-toluenesulphonie acid 
monohydrate (50 mg) for 6 h. Examination of the clear reac- 
tion mixture by tlc (ethyl acetate-ethanol-water, 7:2:0.5) 
showed a Single major compound. After neutralization of 
the solution with triethylamine (0.2 mL), the solvent was 
evaporated to dryness. The residue was extracted with 
fone xanen( (xX. 50 snl )iaLOr remover tne sexcess 0 ,,0-dimethoxy— 
toluene in the residue. Crystallization from acetonitrile 
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PS Sip 4 oe ae Ae One on 2a yw Telys Oy 09% Sly 0 8%69% iO 844 3%, 
66.24, 60.31 (remaining carbons of the sugar units and the 
Bee CONT CL CAarT bon wm Uc. 5. ce, 29.44, 28.561, 28.53, 25034, 
24.34 (remaining carbons in aglycon). 
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8-Methoxycarbonyloctyl 2,3,6-tri-—O-acety1-4-0-(2,3-di-0- 
acetyl-4,6-O-benzylidene-8-D-galactopyranosyl) -8-D- 


glucopyranoside (18) 


A solution of compound 17 (21.0 g, 35 mmol) in 
pyridine-acetic anhydride (4:1, i125 mL) containing 4-N-N- 
dimethy laminopyridine 410 md) was stirred at 60°C for’ 12 h. 
The reaction mixture was then poured over ice (100 g) and 
extracted with dichloromethane (3 x 200 mL). The dichloro- 
methane layer was washed with water, ice-cold N-hydrochloric 
acid and finally with aqueous saturated sodium bicarbonate. 
Evaporation of thevdraied solution left a toam’3(28:3° 9, 90% 
yield). An analytical sample was prepared by crystalliza- 
Elon wer OMMeEther-ethyieacetare=n-nexanes Mmep. LoU-lLo2°C, 


oes 2 0s C03, CHC1.,). A comparison of the tam 


D 
spectrum of the crude product with that of the analytical 
sample showed that the former material was essentially pure 


and was therefore used directly in the next step. 
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Ge Methoxycarbonylocty 1. .2,3,65tri-O-acety1-—4-0-(2, 3-di-O- 


acetyl1-8-D-galactopyranosyl)-8-D-glucopyranoside (19) 


Aqueous trifluoroacetic acid (90%, 10 mL) was added to 
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PAO OH et Oj et hoy ew 2.4) 508,0 7 15,..9'6.;" 7-07, 095,769.08 4, -GS.17 , 
62.47, 62.41 (remaining carbons of sugar units and agly- 
SonweviecarbonjG) 51.41 — 20.64 (carbons in aglycon and CH, 


of acetyls). 
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G=Merhoxycarbony locey 1 (274 ,,6-tr1-O-acety1-4-0= (2, 3=di- 
O-acety1-6-O-benzoyl -8-D-galactopyranosy1) -8-D-gluco- 


pyranoside (20) 


Aysolution ef benzoylischloride (0.640 g, 0.528 mL, 
4.5 mmol) in dichloromethane (3 mL) was added to a cooled 
(-76°C), solution .of compound 19 (2.96 g, 4.1 mmol) in di- 
chloromethane (25 mL) containing anhydrous pyridine 
FO9S603,mL,.4.5 mmol). seAll asthe starting udiol (19) was con- 
sumed, 25 evidenced by yulclusing ethyl acetate-n—hexane- 
acetonitrile (2:2+1),.aites Stirring .ati-=70°EC. forss hreand 
then at —-20%C for .6-h..,,ihe reaction mixture was ;washed 
with Jce-cold water, ice-cold -N-hydrochlonic acid ,and 
finally with aqueous saturated sodium bicarbonate. Solvent 
removal left a solid foam which was purified by flash chrom- 
atognaphy, on a-column .of isi blica sgel--(60.0 sq) wsing ethyl 
acetate-n-hexane—-aceroni tr Lhe .( 2:2). 520.5)... 4 Evaporation io® 
the first main fraction left a colorless foam (2.8 g, 843% 
yield). An analytical sample was prepared by crystalliza- 
tion of the foam from acetone-n-hexane; m.p. 145-146°C, 
[ap +1.62° (c 0.986, CHC1,). 

A comparison of the 1 y—nmr spectrum of the foam (Fig. 8) with 
that of the analytical sample showed the former material 
to be essentially pure and therefore the foam was used in 


the glycosylation reactions. 
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a : 
H-nmr (DMSO-d - ) (Fig. Seo: 8.04, 7270, 7.58 (m, (5H,.benzo— 


ace) iD. LS ott, “it a hess J3 2 = as Se) Ze sore O OO Oi EE, 
_ ' = = = ' 

H=2', Jou yt Vien debar Jou 3: LOUMHZ); 2e8 0 maa, JH eti=—3.., 

J31 5: = 10> Hz, Ja 4s SeeoOMiZ i, 4.00" (Mp SH, Hak Heke’, 


Hae) ae FO COO HHO say ie PAO! ebay ai Seema vay ie 


6'a,5 sah 
a.50°=— 4.26 (im, 2H, H-6a,. H-6..D);° 4.10 (dd, 1H, “H-6b, 


Jen,5 iis) tiZi, a eued eet 20eH2)», Gul. (broad it) 1H, HOS! 7 
J5" 6! = 6.0 Hz), 3.98 (broad d, 1H, H-4', as =O. 0 Ze, 
Soe (m, tt, H=-5), 3575 3.604 (m, 5H; H-4 ; -O-CH,, -O-CH, 


Ce eaAULVCON):, 23. 40 Nh ii, —O-CH,w Of aglycon), 2.28. (t, 2H, 


2 
-CH.,-COOCH,, Tae MOG Oran e . Ole — pier 4) CL OHE go) x CH of 
aceryl)pul.o. and i724" (128, hydrogens in -aglycon)’. 
ls 


C-nmr (CDC1.) One hen hy LO oo. lO co LOO. 4), 

L6G, 50, Lo6.40 .¢7 x oe Teo Coe loa eo oe 126. 70, 

PO Oar oD, ehOOr i. em Ae Calo) ee o. al CHa), Sooty 12.007 
eC ido O ps. dee) Se LUG oe OI OO 7) OO. oy Ose si, O2eLo, (re= 
marming carbons Of sugar wunitsrandiagilyconic (carbon), 51.40) — 
20.635 CLO lanes, carbons in aglycon ‘and CH, of acetyls). 


Anal. Calica. for Cate, 19: Go 56..G5,0b) 6.567) Lound: 


C56. 90, 6.64. 
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Zinc dust (90.0 g, BDH) and aqueous copper sulphate 
Solueron (9.00 CuSO, - 8H.O in 33 mL water) were added to a 
vigorously stirred solution of sodium acetate trihydrate 
(165.797 lo2.mmol) an swater—acetic acid (1:1, 1.1L) cooled to 
0O°C. After 10 min, powdered acetobromogalactose OP ates 
(80.0 g, 194.6 mmol) was added over a period of 30 min and 
the stirring was continued for another 4 h at 0°C. The 
reaction mixture was filtered and diluted with water (750 
mL). The filtrate was extracted with dichloromethane (3 x 
500 mL) and the combined extract was washed with water and 
aqueous Saturated sodium bicarbonate. Evaporation of the 
dried solvent left a colorless syrup (50.0 g, 94.5% yield), 
homogeneous (Rp = 0.42) as indicated by tic using sethy. 
acecate-—n-hexane (4:6). arhe 1 -nmr spectrum of the product 
indicated that the purity of the material was greater than 
90% (Fig. 9b). This was ascertained by comparison of the 
Signal acound 6.30) ppm Gue, to.H—-l with chose of the acetyl 
Signals around 2 ppm. The 1 -nmr spectrum (Fig. 9b) was in 


1 4 
accordance with the reported values. OF ade 


13¢-nmr (CDC1,) §: 170.45, 170.18, 170-06 13 x C=0), 


PAS AAS ( CHI) 5 9B 25 Caz 72 389 (C=5) 763595 72°63. 86: (C3, 


C-A)e 6. 92 (C—6)% 2Onlop (20. (1,9 20250 (CH, OF aceLyss). 
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3$,74,6=-tri-0-Acetyl=2-azide-2-deoxy-a,8R=D-galactopyranosyl 
nitrate (24) and Neacety 175, 4,6-tri-O-acety1—2-azido-2- 


deoxy-a-D-galactopyranosyl amine (24a) 


~~ n~w 


Compound 23 (42. 24644001 544mmol) sin acetonitrile 
(840 mL) was added to a mixture of sodium azide (15.0 g, 
9-231 mol), sandacerrc.ammonium nitzrate-(253%0.9g;90.462 mot) 
and cooled to -15°C. The resulting suspension was vigor- 
eucly;sstirredawithacooling untileanalysispby tle-(n-hexane- 
ethya ecetate:.(624))7; ,s1ticaggel.).ofatheasupernatant laguid 
phase no longer showed the presence of compound 23. At 
this time, normally after an 8 to 10 h reaction period, cold 
diethyl ether (1000 mL) and water (1000 mL) were added. The 
Organic layer was separated and washed with ice-cold water 
(24x%2500.,mL) priokatowdryings, aEvVaporation,ofp;the»solvent 
Lett.ay.yellow, syrup», (45:0 g)-. 

The 1 y-nmr spectrum was in accordance with that reported 


by Lemieux and Ratcliffe. °’ 
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3,4, 6=Tri-O-acety1—2—az1do-2-deoxy-a=D- 


galactopyranosyl bromide (25) 


Vilsmeier bromide’ (10;0°q9, 46 mmol) was added “to the 


crude azido-nitration product 24 and 24a (457:0 -G). in. dichlor-=— 
omethane (300 mL) and the solution was stirred at 0°C for 
rien SOLUTION Of annyarous Jathtum-bromide (25.0 .¢, 287 
mmol) in dry acetonitrile (350 mL) was then added and the 
stirring was continued for another 6 h. The reaction mix- 
ture was diluted with dry dichloromethane (300 mL) and 
washed with ice cold water (150 mL), saturated aqueous sodium 
bicarbonate (150 mL) and finaliy with distilled water (150 
mL). The dried solution was evaporated to a yellow syrup 
(2030 GG). A portion of the syrup (10.0 9g) was chromato= 
Grapned on a column of “srlica gel (300g) with ethyl acetate- 
Menexane (3:7)... (ihe matn traction: provided 3,4,6-triy—O- 
acetyl-2-azido-2-deoxy-a-D-galactopyranosyl bromide (7.0 g, 
60% yield) which was crystallized from diethyl ether-hexane, 
Mop. 96=95"°C- 

The canine spectrum (Fig. 10c) of the recrystallized bromide was 
in accordance with that reported by Lemieux and Ratcliffe.°/ 

A comparison of the 1 y—nmr spectrum of the sample before 


column purification with that of the analytical sample 


(Fig. 10c) showed that the former product was about 75% pure. 
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The crude bromide was employed in the next step, the glyco- 


sylation reaction, without purification. 
= Cont, (coe l a osemt70;22, 169.70, 169.43. (3 x C=O), 
SOMO)  (C=1s)i, J 190 C= o)r,, 69.84, 66.72 (C-4 and C-3):, 


BU oy (C=6)); OO. or eae) 


Gas 
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BITYy1 3344, 6-tri-O-acetyi—2—-az1d0-2-deoxy-— 


8-D-galactopyranoside (26) 


A solution of the crude bromide 25 KS 0% 0" ."7 > Ole mmos) 
in dichloromethane (125 mL) was added in drops to a vigor- 
ously stirred suspension of anhydrous silver carbonate 
(20089 ,C 74 25°9mmol) Sand.anhydrous calcium sulphate (25.0 g) 
in allyl alcohol (200 mL). After stirring at room tempera- 
ture for 16 h, the reaction mixture was filtered through a 
bed of diatomaceous earth (10.0 g) and the filtrate was 
evaporated to dryness. Purification by flash column chroma- 
Eography on silicargel (600 +9) using, jethyl acetate—-n-hexane 
(3:7) and the evaporation of the first main fraction resul- 
ted in a pale yellow syrup (15.97 g, 29% based on acetobromo- 


galactose) which was homogeneous as evidenced by tlc. 


25 “ ; 
[ol], =a Fo (Cao, CHCl). 

1a-nmr (CDC1.) (Fig. DO tees 9O' An, ah, —O-CH,—-CH=CH,,) , SVa2 
(m, IH; -O-CH.-CH=CH.), 5240) (broad a, 1H, H=-4;, Jy eer Sy Hizey 
SS i am Oey eed ls if -~O-CH.-CH=CH.), Ao 4. (007 yen oy J Aas Cy levy 
J7% = 1035 HZ) 7 4.46.0 ell, Hk, ie wie Gimli 2 iy (“4ar45 cand 
AM 2G im es2u, -O-CH,-CH=CH,), A 3) = 42. (ms 2h, baju H=6b):, 
Sco (broad-.t) in; H—o>; J. eis 6.5/5) BZ oy eee (act bli. H=Z2; 

= = ° my ° ’ v7 H 
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Allyl 2-azido-2-deoxy-8-D-galactopyranoside (27) 


A freshly prepared solution of sodium methoxide in 
Methanol (5 mL, 0.5 mol) was added to a solution of 3,4,6- 
tra-O-ecetyl—2-az1do—2—deoxy—§-D-galactopyranoside (26) 
(ic..0°o7,. 46.5, mmolj anemethnanol (150 mL). After stirring 
at room temperature for 90 min, the solution was neutralized 
with IRA-120 H’ resin. The yellow colored solution was 
Gecolorized with charcoal (5.0 9g) and evaporated. The 
colorless solid was crystallized from ethyl acetate-n-hexane 
Poreppaine 11.070 (92256) (Or the tecrvstallized product: m.p. 
My asec, (oars Sela 0 098 2 chon), 


ony (CD OD, HOD.= 4:81) 4{Fig. 12) 62 °6.04 =.5.90.(m,. 1H, 


5 


-~O-CH.-CH=CH,), 3 Oeil, -~O-CH,-CH=CH.), Oe se Lily 


=O at -CH=CH,), 4.34 (0, in, Hl, Sa EIR SVAN A ois There Cale Gr 


Jaow 
= Bao HZ), See (m, Zee H-6a, 
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iH, H-4, a aac = 1.5 HZ, ES 


H=6b) ,. 5.48 (Miche ee wie) poe (Od Ln, H-3, J3 ae 


B25 GZ, = 10 SOuiZ i 
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Jae 


C-nmr (DMSO-d _) OS 4/31). (—-O-Cl CH=CH 116.43 


2 >) 


(-O-CH ~CH=CH.), TOON A EMC =1 0h Oe eo enue eC — 3S jx 
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68260) (C=4) 7. 67 50 -(-O-CiE ~CH=CH,), O42 NG 2), 00.20 1(C=—Oyis 
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Anal.-caled.. to CoH) oN 5: Cola 406. aio. LO; i Lia 


found: OC 45.5907 He 62d, N72 00. 
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Allyl 3,4,6-tri-O-acety1-2-deoxy-2-phthalimido- 


8-D-galactopyranoside (29) 


A slow stream of hydrogen sulphide was bubbled through 
an ice-cold solution of the azide (27) (14.0 G, 57.14 mmol) 
in pyridine (150 mL). and triethylamine “(45' mL) for-4¥n- 

The solution was then stirred at room temperature for another 
6 h and then evaporated to dryness. The residue (28) was 
extracted with a mixture of methanol-water (1:1), filtered 
through a bed of diatomaceous earth and evaporated. 

Phthalic anhydride (4.86 g, 32.83 mmol) was added to a 
solution of the above residue in pyridine (50 mL) and heated 
to 60°CUror30Unin.) Trierhylamnines (529. Gj257.283mmol) and 
more phthalic anhydride (4.86 g, 32.83 mmol) were added and 
the heating was continued for 2 h. Methanol (50 mL) was 
added and the solution was evaporated to a dry residue which 
was taken up in a mixture of pyridine-acetic anhydride (2:1, 
60 mL). 4-N,N-dimethylaminopyridine (10 mg) was added and 
the solution was stirred at 60°C for 24 h. The reaction 
mixture wasS then poured over crushed ice (100 g) and the 
product was extracted with dichloromethane (2 x 150 mL). 

The dichloromethane layer was washed with water, ice-cold 
hydrochloric acid (1N), and finally with aqueous saturated 
sodium bicarbonate. After drying, the solution was evap- 


orated to a foamy residue which was purified by flash 
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chromatography on a column of silica gel (600 g) using 
ethyl acetate-hexane-acetonitrile (2:2.5:0.5). Evaporation 
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3, 4%, Gtr -—O-AcetyI=—2-—deoxy-—2—phthal imido- 


D-galactopyranose (31) 


Tris-triphenylphosphine rhodium (III) chloride (300 mg, 
0.32 mmol) and 1,4-diazabicyclooctane (100 mg, 1.1 mmol) 
were added to a solution of compound 29 (2525 Lois. 26, pmol) 
in ethanol - benzene - water (7:3:1, 300 mL) and refluxed 
for 36 h. The solvents were then evaporated to dryness te 
the residue was dissolved in aqueous acetone (90%, 50 mL) 
containing mercuric chloride (5 g) and yellow mercuric 
oxide (100 mg). After stirring at room temperature for 60 
min, the reaction mixture was diluted with water (50 mL) 
and the product was; extracted with chloroforme(2«x775 mL). 
The chloroform layer was washed with aqueous potassium 
iodide (10%, 2 x 50 mL) and then with water. Evaporation 
left a black residue which was purified by flash chroma- 
tography on a column of silica gel (100 g) using ethyl ace- 
tate-hexane-acetonitrile (2:2.5:0.5). Evaporation of the 
second main fraction left a foam (1.88 g, 78%) which was 
a mixture of a and §8 anomers of 31, as evidenced by the 
1 y-nmr SpeCctruns (Pilg. 25s. 
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Th. 20 


320) HZ) i eho WG 3 d 27 


Judas, 13 Oe D8 a Oe 
375) HZ.) pr wt 0 an a. OO ai, GH 454 Had OF, H-18), 4.84 —- 3.06 (H-2a, 
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S74, 0-Lr 1 -O-Acety l-z-deoxny-2=phthalimido— 


8-D-galactopyranosyl bromide (32) 


Vislmeier bromide (1.31 g, 6.05 mmol) was added to an 
ace-cold solution of compound 31 CLE Om pina ec MeL) in 
aQuchloromethane (25 mb) and stirred: sym-Collidine (0.802 mL, 
6.05 mmol) was added in drops to the reaction mixture. 
PeeemeSeIGLIng tO wn at. Oc, and: 32 i at room temperature, 
the reaction mixture was washed with ice-cold water (15 mL), 
ice-COlg hydrochloric acia (iN, #0 ML) and tinally with 
water. Evaporation of the solvent ieft a residue (1.88 g, 
84% yield) containing a and 8 anomers of 32-5 te pure B= 
bromide was crystallized out from the mixture using 


255 po9i'90% (6 


Cunyvacetate-n—-nexane, Msp.  1o0-1o) C, [a], 2 


0.98, CHC1,). 
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H=nmr |(CDC1.) (Fig. g16) 6: 7.06 — 7.70 (m, 4H, phthalimido), 
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SeMethoxycarbonylogeyil’ 2,3, 6-tri-O-acety1-4-0-'[.2), 3),di-=0- 
acetyl 6-—O0-benz0yia2=05(3 74,,.6-tor-O-acetyl-2=deoxy-2+ 
phthalimido-g-D-galactopyranosyl) -8-D-galactopyranosyl]- 


B-D-glucopyranoside (33) 


S74 0+ -O-acetyi = -Je0oxy—2-phthalimido-D-—galacto-— 
pyranosyi bromide (32) (225 mg, 0.45 mmol) in nitromethane 
(5 mL) was added to a solution of the alcohol 20 (340 mg, 
0.41 mmol), sym-collidine (54.5 uL, 0.411 mmol) and silver 
tratiace (115 mg, 10.45 mmol) in dry nitromethane (5 mL) 
eeoled [os-25 C. “The mixture was stirred at -25°C for 6 h 
and then at room temperature for 12 h. The solids that 
were deposited after the addition of dichloromethane (20 mL) 
were removed by filtration and the filtrate was washed with 
sodium thiosulphate solution, cold water, dilute aqueous 
HCl and saturated sodium bicarbonate solution. Solvent 
removal after drying left a foam which was purified by 
preparative high pressure liquid chromatography on a column 
of silica gel using ethyl acetate-n-hexane-acetonitrile 
(2:2.5:0.5) which gave a colorless foam (330 mg, 64.5% 
eva wil le loss ates ee CHC 

1 -nmr (CDCl) (Fig. 17) 6: 8.0 - 7.5 (broad m, 4H, phthalimido), 
5ao2 (Od ah eo, J3u qn cla eyeyad ay Jan on = ll Hz), 5.44 
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—— — t — — 
Cat ce I G1 WA QM s oe et Sie am Jo 3 10 -HZ; Jo yf Re ee eae J3u 9: 
— ' — 
TO z ; Jar 4) S20 az SA 0 (broad d; 1H; "H=6%a, ena 
Aaa 5 age iis 5! Loe hZo, 2.02 (mM, 2H, H=2*, He2*)}, 4.40 (m, 


SH, U- Oa, U-1, H-Gybl 4.238 (ad, ih, Hab*, = 7.8 Ha), 


Ji) ot 


Ae (pbroaq ad, LH Hoa J = 3.0) Ha), 4.12 — 35.94) (um, 


4* 3! 


eee, Ha Ona, BGs, sce (ih, 2h, Host, OnCik, of aglycon) 
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a0 (m, 4H, O-CH Ha, ook my, Hab, HeS)i,, 3.4) (my, Ly, 
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O-CH, of aglycon),, 2.3) Gb, 2H, CH, -COOCH Jt =z 8z.0 Hz), 


2 ay 
gig LA. Ube x 9S,) Zar ace ty. CH,), ly 6h ands 1.20) (22s 
aglyconic hydrogens). 

*Sc-nmr (CDC1,) 6: 174.21 (COOCH,), 170.33, 170.30, 
70027, 1/0. 07,4 Loo. /2° b69a lo, lone 50g Vod7s 938R. 16u2 166 
166,26 (200 x Cals 134.28, 1382975 13932444 1315715, 1292 97; 
123.77, 124,58, 123.02, (phthalamido,, benzoatescaxrbons),}) 
P0092, 200-412, 98. 46e0(Cale Caley Caliys./ 79288 (CSAgy 
IS 42, I2.89, 12248, S2ea2oe TaelSe 722885 702064, 708045 
69.57, 57.49% 66.61, O2e19y Co512p. 622425 53388 (vemainmng 
carbons of sugar units andthe -O-CH,- Oivaglyconm); 5Lh12e83- 


20.29 (12 lines, remaining carbons in aglycon, CH, of 


acetyls). 
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8-Methoxycarbonyloctyl 4-O0-[4-0-(2-deoxy-2-phthalimido- p- 
D-galactopyranosyl)-8-D-galactopyranosyl]-8-D- 


glucopyranoside (34) 


A freshly prepared solution of sodium methoxide in 
methanol (0.5 mb, 0.5) M),.was, added, to..a.solution, of compound 
33 (364 mg, 0.289 mmol) in anhydrous methanol (20 mL) and 
stirred under nitrogen atmosphere for 5 h. The reaction 
mixture was neutralized with dry IRA-120 H’ resin and evapor- 
ated to a dry residue, which was homogeneous on tle (ethyl 
ace tate ethanol-water, g/2.ccde)), CO) yLeld,220, mg, (.9:7.2).. 
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8-Methoxycarbonyloctyl 4-0-[4-O-(2-acetamido-2-deoxy- 
8-D-galactopyranosyl) -8-D-galactopyranosyl]-8-D-gluco- 


pyranoside (8) --asialo-G hapten 


M2 


Hydrazine (95%, 100 UL) was added to a solution of com- 
pound 34 (219 mg, 0.280 mmol) in methanol (20 mL) and 
refluxed for 2 h. The reaction mixture was then evaporated 
to a dry residue which was taken up in 11 mL of methanol- 
acetic anhydride (10:1) and stirred at room temperature for 
3 h. After evaporation to a dry residue, the crude product 
was filtered through a Bio-gel P-2 column using ethanol- 
water (9:1). The main, fractions on lyphophilization left 


asialo-G hapten (8) as a colorless material (155 mg, 


M2 
79.89% yield). iene 70 shave, 083) 

1u-nmr (D,0, HOD = 4.81) (Fig. 19 and Table 4) : 4.58 (a, 1H, #1", 
Deh Ont) nt A eet) yo 2H) HOH 1 ty oa = 
Jy 9 = 8-0 Hz), 4.04 (broad d, 1H, H-4', 34, 3, = 2.2 Hz), 


420 = 6235 (20H) remaining 15 ting hydrogens except H=2)' 


and H=23 O-CH O-GH sot ag! com); soo" (dd, 1H, H=2", 


3K 2 
ET Siem alae, a 


re ene O97 zi)? eo Nd Hy 25 


8.0 Hz, ponHe yj o2.4  (temeen ye CH. COOH 2 )y 
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‘2-8 0D (6B) 99/6) 9 fe et = te, Pas «ait aan ar 
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Loan (D0) (Fig. 20VandrTablecs)-6: 178.09 (-COOCH,), 
175.27 (-NHCOCH,), 103.34 (C-1"), 102.94 (C-1"), 102.37 
(ea) 90S (C=A aro ee eu C=4") 5° 75.21 fC-5") 5. 75.410 

(C= 5) er Ou om agen a Oe (C=—'3) 4. 73..16) (C=2)4 «7:22.90 

(Cao) eo le= jt, Cer) ii. O22 (aglyeconic Carbon); 68.21 
Rie), Ou. a (Cro eu eol 10s (C=6" ) 4:60. 53° (C=6);,.°53. 70 
(COOCH,), 52.37 - 22.74 (8 lines remaining carbon in agly- 


cone and CH,-CO-NH-) . — 


(M2009) €O.8TL 2% igeteminae os 4 
TESOL oth ln) OBOE |. (*ihegp 96,006 
OL.ET ICS) ISSEY Shar). } OLET: 
Oe.2T (SOF BLOOE , (Ep ar er tty #t. Ts 
if.89 , (nceites stneeiboded dak st? Pei | i ae 


OF.62 . 18-9) Ce iva ag Se OTR 64 andy ete, 
“YiR6 al aodzéo palrisi So aby 8) ey. ll - eee 2! 


1s} 


Alwhy. ly 2-azido-2-deoxy—4,,6-O-benzylidene- 


B-D-galactopyranoside (35) 


A solution of compound 27 (11l.0g, 44.8 mmol) in dry 
acetonitrile (200 mL) containing o,a-dimethoxytoluene 
oie 0. Oye) fl. ono Wj sand p=LOoluenesulphnonic’ acid, (150 mg, 
0.87 mmol) was stirred at room temperature for 16 h. The 
solution was then neutralized with triethylamine and evap- 
orated to dryness. A solution of the residue in dichloro- 
methane (150 mL) was washed with water (50 mL), dried and 


evaporated to leave a pale yellow solid which crystallized 


25 


Erom toluene. Vill s8eg7. 79s yield)y mip. 229=131°C, [a], 


me (CVS OR), CHC1,). 
1 yu-nmr (CDC1.,) (Fig. Zia OS «46 -— "1 34) {my ou, arOmaLic), 


60275 39> Am; TH OSCh C=C 5.0) (Ss, lH, benzylic) 


2 9)1 


Bee (ny erliy O-ct CHG wi gor 22emye 1H )s O-CH CH=CH); 


Z 
-CH-CH,), Brees A iye ile key 


a 


4244 and/‘4.14 (m, 3H, H-4;, O-CH, 


H=] H-6a)) jo 4.04 (bape ties 2 Hz IH (H-6b), 3.64. (dd; 
J =2 87 LOCHZs eae ep oe SOMO, dea aOuOwiz 3 95.5 Hay 
tHe bo-S) Oeil (broadmey eth, U5) cro oe lad — 6.0) HZ, LH, 
=OnH) ° 
3 
2 2 
126.10) (34 lines; aromatic carbons) |) £17.76 (O-CH,-CH=CH.), 


C=nmr (CDC1,) Ose 3305.8. WO-CHl-Cn -CH=CH,), TPA) 


_ (et) : i a ia ee = 
yu tr (Lostd €. 6a 4) 0, LE) vs sbesiaiea to wotlilee A 


Shh LOSYRORISM PRE Oaiaiatiop (én pore Ex: 


) hiss stony imesiey tog fra. (Leste rg be: 
stv ff 34 494 “sub yeete easy Se Rewrite wow (Lomm Si, 
Beas es pe iydoedt tr rertw Pen. te7eumn cnet Sa : 
“CTOAtetS wh slhieea cde Fo lativngoe’ € ‘ckientzb. od rt: 
Helio , (tA 02) setew Avew Veneaw vale tba O2f) 
Lhésey3o Holdw fiploe Goblay efag a evnel of berazo vs 
MO) « WLECMESL a. 4 {Bisby 8h vo a. ii) ss0iod. mm ‘ 
ar +£0.20 3) OEE 
VSGS. We om) bi SBE 8 coke ay) {,4305) smash oS . 
(od femeueed.ii #) a€ 2 vom yore whi emt, “"e. r- ~ $058, 
(fH BO El yin) Se ve gH tO HL my bak 
AS yo Lk Abe gHoO~O. .d-M ME ° aEsp bas BB.b 
BG) 90.8 , (GOH I Oph Sd) ey Wor (ede om 
SB Es \8 \38 OL0L = eb Beye Spee eid 43H OL, af 
Hk \<0 Op = & (5) 02.5 eae fii \@ beowd) mie oe . 
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fod. 467° 100.93" (C=177 Denzyiic carbon), 74.61 (C-4), 71.55 


(e-S)e On2> Ne lO) Weo nee, (C0), 66.56. (O-CH ~CH=CH.), 


2 
64210. (C-2). 
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Anal caled. por Ci gH oN3 Bee Cao Ol, eM by Se Neo. Gl; 


Lela a (SP NGOS TER poh a Way welrgletairy a iglleeaee sy sie 
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Allyl—-25azi.d072-deoxy—4, 6-O-benzylidene-3-0-(2,3,4,6—-tetra- 


O-acety1-8-D-galactopyranosyl)-8-D-galactopyranoside (36) 


A soluctionvot£ acetobromogalactose’~ (7.36 g, 19.7 mmol) 
in dry nitromethane (30 mL) was added to a cooled (-25°C) 
Solrution* of*the alcohol 52 425,9/ 69, 17.9% mmol), sriver 
erat iuoromethanesulphonatces (5206/ 9," 1977 *mmol) ‘and *sym- 
comimdine (2.37 mL, 17-29 mmol) in”4@ry “nitromethane (100 4m). 
After stirring at -25°C for 8 h, the reaction mixture was 
diluted with dichloromethane (200 mL) and filtered through 
a bed of diatomaceous earth. The filtrate was washed with 
water, aqueous saturated sodium bicarbonate and finally with 
water. Evaporation of the solvent left a residue which was 
purified by flash chromatography on a column of silica gel 
(300° 9) “using ethyl acevate-1—hexane-acetonitr id ef (2524 5:0.) . 
Tie LIrst main Practionson evaporation. left. a foam. (8.3 9g; 
70% yield) homogeneous on tlc. 


An analytical sample was prepared by crystallization of 


25 


the’ foam from’ methanol; "msp. -141-144°C, [a], 


rls 3 =p] a AC CetOL 96, 
CHC1,). 

A comparison of the 1 -nmr spectrum of the analytical 
sample with that of the foam indicated the latter to be 


essentially pure and hence the foam was used in subsequent 


steps. 
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(35) sbFenas qu Adtngtit iliatonetes isannG tory : 


(iow T.2£ pacity ‘aa0 ps Eapomosdorses ‘Re ental £" ¥ 
: i 
(2°FS~) betGow 6 Of Saibe Hew (or 5E) onaatsomocai a | 


ravican \ (home O70 ‘6 ee: 2} ee todeois ods to no 


“HS met6 €ihauwe V2 04 RaQ =) ica 
tien uo rj scary 


aman br eb gt Lhe ot Or yan vie &) . 
COW SIUSKO asitdenwy add 8, eos aie 6 pabvatsa x 
bae: (ga O08) $etronrmuotietois asiv 
(Siw Metsew aaw ateteri> op (a9 tog RIALS 10 
Ssonediseid smthee bedsyedea aiooups , 
eGW Hoddw anhiees « 42ar isu ies ets Yo i hl 
OP Suitia 35 whites swe Li@s7 yodemVsdS diners w bet: 
siiustnec 1924- iashede—ae ad oem iyptte paley ry 
‘P £.8) meo? 6 t¥5/ UETSIQEYS) co mshi wai saadt 
“iY ( euosiaganed 
JHei ll S3euys yd “7 6.jeey aew Mga § . 


a8 .0\ 5) Crete 4 


gi) SBE ce. m Vlorsivem mox® 

‘gelaylsus efig Xo Tet See wai-n! ot To cont | 
od og SARE S82) SASRYNGHL eo ety To tate 4 

+peedie ai baay spy MeO e423 soned st aan 


€.G2¢,o: fj 


’ ’ 
~~ {TO 


ral 


176 


Luénat (CDC1,) (Fig. 22) 6: 7.52 - 7.35 (m, 5H, aramatic), 6.0 - 


ovey (mm, 2H; O-CH,-CH=CH.), S204 AS, 1H, Denzy11c) , 50 (dd, 


eet ay ewe tc) die mel SoZ). S232 (mo UH, 
-O-CH,-CH=CH,), 5.22 (m, 1H, -O-CH,-CH=CH,), 5.26 (dd, 1H, 
eee ey ee catnip = 0.0GHz) y 5302) (dd, 1H, 
Brae een, Oster ioe a0 .Hz) no. 8(d | 1H uo 1 
Jag 50 = 7-8 Hz), 4-4 (m- 1H, O-CH,-CH-CH,), 4.33 (d, 1H, 
H-1l, J, 2 ale. O Zh) pee woe COG: Tt ah 6ay Denes = 1s 8H, 
UE es = l2.0°0HZ)i, 4.213 (broadid, 1H ,WH-4:;, ae eR A 9 Val ie 


Ae .4)00:9 AI. SN Cote iO. b, O-CH.-CH=CH.), 4.04 (dd, 


DUS Ob nd epi Me az dale eae e 06Hz) 2.89) (broad. t, 
TRG RED iUan en nbs ba 7 EEG Itty they ani ot evlnisa sbar 
Hi oy = UREN ea) ee eel NT es SAD Gara RL 


Belz) pp Loe OO DrOac eS bo) pei oO ma OO (4x Sa 12H, ax 


CH, of acetyils). 


Bo errr (CDC1,) 6: 170.27, 170.10, 169.28 (4 lines 


expected, 3 lines observed, 4 x -O-COCH,), 37 OGG el 2G. coy 
126. 3A lar OMmeatlee carbons is plas... (-O-CH,-CH=CH.), a Ge hag Ape Sh 


(O=G8.—CH=CH 102 S32 0(C-1) 71 0).28 (C-ieeL00,82 (benzylic) ,4/8.63) (c-3) 


2 >)s 
75 ot (C—4)5 71 Oss 0 uly, 69. Oly 68.958 Oo ling Cb 04 4c. 44, 


61.47 (9 lines expected, 8 lines observed, the remaining 
carbons of sugar units and the aglyconic carbon), 20.65, 


20epe. (CHA Of -acery is). 
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Anal. cared nox C3 oH 37N391 4: CSA lle Hue SO2at NN O750%5 


founds. C5423 77,0 5. 2 N16. 1d. 
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Allyl 4,6-di-O-acety1~2-azido-2-deoxy-3-0- (2,3,4,6-tetra-O- 


acetyl1-8-D-galactopyranosyl1)-8-D-galactopyranoside. (37) 


Aqueous trifluoroacetic acid (90%, 10 mL) was added to 
a solution of compound 36 (5.0 g) in dichloromethane (100 
mi) “Kept atej0rC~ Atter (stirring for 30 min, ‘the solution 
was waShed with ice-cold water (50 mL), aqueous saturated 
sodium bicarbonate and finally with water. Solvent removal 
left a syrup which was dissolved in dry dichloromethane 
(100 mL) containing pyridine (5 mL) and acetic anhydride 
(S mL). 4-N,N-Dimethylaminopyridine (10 mg) was added to 
the above mixture and stirred at room temperature for 12 h. 
The reaction mixture was then washed with ice-cold hydro- 
chloric acid (1 N), saturated aqueous sodium bicarbonate 
and finally with water. The dried solution was evaporated 
to a syrup and passed through a short silica gel column to 
remove the benzaldehyde impurity formed at the initial step. 
Evaporation of the: second main viraction left a solid (329 gq, 
80% yield) which was homogeneous on ticsim.p. 1li-ll2°c, 


[al +10.0 (¢ 1.89, CHC1,). 


ty-nmr (CDC1,) (Fig. 26) 6: 6.0 - 5.88 (m, 1H, O-CH,-CH-CH,), 
5.4 - 5.22 (m, 4H, H-4, H-4', O-CH,-CH-CH,), 5.15 (dd, 1H, H-2', J), 5. = 
7.8 HZ, Jy, 3, = 10-5 Hz), 5.0 (dd, 1H, H-3', Jay 94 = 
10.5 Hz, 33, 4, = 3-5 Hz), 4.71 (d, 1H, H-1", Jyu 9, 


7s BH) 4. cae 2 el, O-CH.-CH=CH,), 455570 (05) hea, 
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Jy ae S20 Ha), 4-c2e aoe (mM, on, H=Ga, H-obb;,)H=-6'a, H-6'b, 


O=CH>=-CHh=CH SovOmomoacdit, lH. H=-5')," J =s0) 50 HZ), 


2 >) 
B)) D> Mt bDyYOad. ty. Lhe ths, 


Deeps 
Je cae Pic OSH Ze, si oeO Gu (OC t) Hie hl = 2p, 


SOHO ON UZ) 705,54. (ad), (1H). H-3,,. J DEE 


—COO=))r. 


=sUSmiOu lig + J5 3 


Seo ori Z) jae. ce ee 04 (6-x% SS, 18H, CH 


ret 


LOeOeHZ.; J34 3 
§05) 


C-nmr (CDC1.) Opie On 4/7) ee On 4 ly Ones 1) L0.07,, 


169.75 159.29 (6 x G=0), 133.22 (-O-CH,-CH=CH,), 118.09 
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(O-CH —CH=CH Ole 7 elk 00. (anomericiucarbons: C-1 and 


2 a) 
eet) ye ek! On (CaS) Brien yO Oo aie o) DOO, 70247). GO.8 5, 


Bot ORM = Dye a On eC mois Zea) Cau C45). 16.6.8 3 w(O—-CH.-CH= 


2 
CH,), Goes Cm 2 a Och e on moO Cm C6 ,C— Gin) 4, 2.070, 20,65, 


ZOO 3) Oa Du Op Xk ECH wOle aACeLy Ls) * 
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Diels. sC'a Led <5 shor C45H35N30) |: 


Bound: | C2 495-2), . 2H so. 0O0y uN ies 2.) <5 
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<EGs60 , TS. OY AYAT Oe .cacere «t&=5) OS..9T fae 
er ne Se nT nS ee ee t=) OL 
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Aiiyl 2-azido-2-deoxy-3-0- (B-D-galactopyranosy1)- 


8-D-galactopyranoside (38) 


A freshly prepared solution of sodium methoxide in 

methanol “2-5 mL, 025 M) was added: toa’ solution of 37 

(4.0 g) in anhydrous methanol (75 mL) and stirred at room 
temperature for 6 h. After neutralization with IRA-120 H” 
resin, the solution was evaporated to a dry residue (2.3 g, 
93.5% yield) which was homogeneous on tle (ethyl acetate- 
ethanol-water, 7:2:0.5). An analytical sample was prepared 
by crystallization of a small quantity of the residue from 
ethanol-ether; m.p. 168-170°C (dec.), bods 412.0 (c 0.64, 


HO). A comparison of the 1 -nmr spectrum (Fig. 26) of the 


analytical sample with that of the residue showed the latter 
to be essentially pure and the residue was used in subsequent 


steps. 


1u-nmr (D0, HODR—" gol) (bic. 20 te toa mo, LE, —O-CH..-CH= 


CH,), Soe (mM, LE, -O-CH,-CH=CH.), De COM ely Lit -O-CH.-CH= 


CH,), @.04 ana 4.40 m2 x Oo, 2H, H-1"% H-1, J 


he, OO eee: 


lp£CkHZ), 4. (deg muy mies, J4 3 ="3.5 HZ, Jas =e iS HzZ)*, 
3285 (broad a, #h, u—4., DSN ="3.p 12), o/s = 3. 44°", 
10H, remaining hydrogens of sugar units). 
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C-nmr (D0) Get peso (-O-CH -~CH=CH,), Pie. 90 (—-O— 


Zz 


CH -CH=CH.), 104,02 (Cue, L002 (C—L)46 80.29 (C=5), 75.20 


2 
(G> 5 ys tow 00 o= os) Gace. bom C=—35)) y10/ 0.89 (C-2 )i, oo. 10 
(C-4, C-4'), 68.07 (-O-CH.-CH=CH,), 6227 (CH2) Gu Ob 


60.96 (C-6' and C-6). 
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Ho vegeta esw signee isge7ylens GA . (F.OeSet te i 
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Allyl 2-amino-2-deoxy-3-O- (-D-galactopyranosyl)-_ 


8B-D-galactopyranoside (39) 


A slow stream of hydrogen sulphide was bubbled through 
an ice-cold solution of the crude 38 (293%q)""in* pyridine 
(80 mi) andntriethylamines.(10%mL) for’4 hYw The reaction 
mixture was then stirred at room temperature for another 
12 h. The solution was evaporated to dryness and the 
residue was extracted with water. The extract was filtered 
through a bed of diatomaceous earth (5.0 g) and evaporated. 
The residue (2.3 g) appeared to be the desired amine as 
assessed by tlc as well as a2 and eee params 

1y-nmr (D,0, HOD = 4.82) (Fagt 028) 2 6.083 15288 t(m,6 1H; O-CH,.- 
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2)! 2 


CH. )4550n (df dHy Hold 
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—2 ” 4,3 
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Allyl 4,6-di-O-acety1-3-0-(2,3,4,6-tetra-O-acetyl- 
B-D-galactopyranosyl) -2-deoxy-2-phthalimido-8-D- 


galactopyranoside (40) 


Phthalic anhydride (478 mg, 3.4 mmol) was added to a solution 
of the amine 39 (2.3 g, 6.0 mmol) in pyridine (20 mL). The solution 
was heated to}605757C (foraz0G¢mink, Triethylamine™(593 mg; 

5.88 mmol) and more phthalic anhydride (478 mg, 3.4 mmol) 
were added and the heating was continued for 2 h. Methanol 
(10 mL) was added and the solution was evaporated to a dry 
residue which was taken up in 15 mL of a mixture of pyridine- 
acetic anhydride (2:1). 4-N,N-Dimethylaminopyridine 

(10 mg) was added and the mixture was heated to 60°C for 12 
h. The reaction mixture was then evaporated to a syrup. 

A solution of the syrup in dichloromethane (150 mL) was 
washed with ice-cold hydrochloric acid (1 N), aqueous satur- 
ated sodium carbonate and finally with water. The solvent 
was evaporated to dryness and the product was purified by 
flash chromatography on a column of silica gel using 

ethyl] vacetate-n-hexane=acetonitrites(2:2:0.5)%. (Evaporation 
of; the fir sity main-ciractaeni Nef tay teamcwee. 7) g 622) yreld) 
homogeneous on tlc. An analytical sample was prepared by 
crystallizing a small quantity of the foam from ethanol; 
map 491.6 51 G60 Ci, [or] “2. G20° yc B9. .0'6), CHC1,). A comparison 
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of the product before crystallization indicated the latter 
to be essentially pure and therefore it was used as such in 
the next step. 

1u-nmr (CDC1,) (Fig. 29) 6: 7.94 - 7.88 (m, 4H, phthalimido), 


Sai 66 y= 5.964)» (ini) Weg O=CH ~CH=CH.,), 5as0e(broadad; ell -oH-—4; 


2 
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Allyl 4,6-O-benzylidene-3-O-(2,3,4,6-tetra-O-acetyl- 
B-D-galactopyranosyl) -2-deoxy-2-phthalimido-£-D- 


galactopyranoside (42) 


The transformation of the azide 41 to 42 was carried 
out as described for the preparation of compound 40 from 38. 
After purification on a column of silica gel, the title com- 
pound was obtained in 45% yield as a foam which crystallized 
fromemethanol: mep.Hl65216/°C, (af? BeOS ECC 690). 

“H-nmr (CDC1,) (Fig. 30) 6: 7.96 - 7.40 (m, 9H, aromatic), 
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CDF 267,690 NG), 7 06a he, ssOOne ls, OG. O27, "16193 4,7 Si. 70 (remaining 
carbons’ Of Sugar Units and aglyconic’ carbon). 
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a7 6-Da-Olacet ya s-Ue 27574, © Cetra-Osaceryl)y— 
B-D-galactopyranosyl) -2-deoxy-2-phthalimido- 


a,8-D-galactopyranose (44) 


A solution of compound 40 (SON ie s.G rnuNO LT) 1 Fi 
ethanol-benzene-water (7:3:1, 200 mL) containing tris- 
triphenylphosphine rhodium (III) chloride (200 mg, 0.432 
mmol) and 1,4-diazabicyclooctane (66 mg, 0.59 mmol) was 
refluxed for 24 h. The progress of the reaction was moni- 
tored in tu-nmr by observing the disappearance of the 
multiplet rat Ss) "ppm (rags 31%) "Since noe change "in compo- 
Sition of the reaction mixture could be observed at 24h, 
the solvents were evaporated to dryness to leave a foamy 
residue which was dissolved in aqueous acetone (90%, 50 mL) 
Containing mereurreschioride (5.0%g, 18.48 mmol) and 
mercuric oxide (25’mg)): After’'stirring at room temperature 
for 90 min, the reaction mixture was diluted with water 
(50 mL) and the product was extracted with chloroform (2 x 
75 mL). The chloroform extract was washed with aqueous 
potassium iodide solution (10%, 2 x 50 mL) and then with 
water (50 mL). The solvent was evaporated to dryness and 
applied on a short silica gel column. Evaporation of the 
main fraction left a foam homogeneous on tle (1.20 g, 84.6% 


yield). 
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4,6-D1i-O-acety1-3-0-(2,3,4,6-tetra-O-acetyl- 
B-D-galactopyranosy1) -2-deoxy-2-phthalimido- 


a,B-D-galactopyranosyl bromide (45) 


Vilsmeier bromide (720 mg, 3.31 mmol) was added toa 
eoGled ssolution, ((0-C) sofuthe crude ‘compound 44° (1.29, 1.65 
mmol) in dichloromethane (15 mL). sym-Collidine (440 uL, 
3.63 mmol) was added in drops to the reaction mixture: and 
stirred at 0°C for 6 h and then at room temperature for 18 
h. The reaction mixture was then washed with ice-cold water, 
dilute hydrochloric acid, saturated aqueous sodium bicarbon- 
ate and finally with water. The solvent was evaporated to 
leave a foamy material (1.063 g, 82% yield) which was a 
mixture of anomeric bromides as evidenced from its 1u-nmr 
Spectrum Fig.) 32). 
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SgMethoxycanbonylocty) 2, 3),6-tri-O-acetyd —4-0- [2,.3,di-0- 
acetyl-6-O-benzoy1-4-0 {4, 6-di-O-acety1-3-0- (2,3,4,6-tetra- 
O-acetyl-8-D-galactopyranosy1) -—2-deoxy-2-phthalimido-g-D- 
galactopyranosyl }-8-D-galactopyranosyl]-8-D-glucopyrano- 


Side (46) 


Ay O-D i -O-deelty 1—2-0-\2,35,4,0-tetra—O-acety1——-D-= 
galactopyranosyl) -2-deoxy-2-phthalimido-a, 8-D-galacto- 
pyranosyl bromide (45) (531 mg, 0.648 mmol) in nitromethane 
(5, mL) was added te a solution of the alcohol 20 (465 mg, 
0.562 mmol), sym-collidine (86 ypL, 0.648 mmol) and silver 
triflate (167 mg, 0.648 mmol) in dry nitromethane (5 mL) 
cooled “to -25°C. The mixture was stirred at -25°C for 
6 h and then at room temperature for 12 h. The solids that 
were deposited after the addition of dichloromethane (30 
mL) was removed by filtration and the filtrate was washed 
with sodium thiosulphate solution, cold water, aqueous HCl 
and sodium bicarbonate solution. Solvent removal after 
drying left a foam which was purified by HPLC on a silica 
gel column, using ethyl acetate-n-hexane-acétonitrile 
(2-2-0.75).° Evaporation of the second main fraction left 2 
foam (548 mg, 62% yield) homogeneous in tle. [a], -8.3° 
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S lesaive (CDC13) (Fig. B37) 6-5 65,06 — 7.46 (broad mp, 9H, wonthalLimdo; 


benzoate), 5.44. (broad da, IH, H-4", J Se eliza woe 


Ae ak a 
(pecad a) IH habe neat 22.5 7Hz)* i512. (d, 1H, B="; 
a 
See ee a ee Hot, J) og 0, uz), 
5.0 (dd, 1H, H-2™ 7 Tou ym = 850 HZ, Jou gu = 10.5 Hz), 


4036 SNe L740, any en=2, MHS" ens" H-3"), 4.70: (dd, 1H, 


Heoaa,; 247.0 HZ; = SiO HZ) 7 4.55 — 4.30 


rat st rsa 1 
(MMaGH ero PAtne2! Wher ery sty tee Hoty soe (a, IE, 
Hatiesd hue rodney lem oes Toe Gon eee, Eee) 03 
Jason nest, (-ota m Ho bee eee yee be HHS)". 3738S 


370 (iia he Hess Pi Sab, BO-Clwot aglycon)*®, 3.64 (t, 1H, 


2 
H-4, ates, = J, 3 - Yao aZzaey Soe nye AHP 5) > 3.38" (m, 1H, 
~O-CH, Of. acl yeon) «22S. Or Hy ~CH,COOCH.,), Aap PA ts st EE 
(4.5hi,> Jel 3 CH, of acetyls, i2.aglyconic* hydrogens): 
13 


Conmr, (CDCL Cm 40 24e 70889; KL7Oesl, L/0524, 
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V70p 0342696094757 169. 47, 8269.84721609.04, 9160505, 16692, 
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62.06, 60:97, 52.52 (20 Lines expected; 19 Jines observed, 
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8-Methoxycarbonyloctyl 4-0-[4-0-{2-deoxy-3-0- (8-D-galacto- 
pyranosyl) -2-phthalimido-8-D-galactopyranosyl }-8-D-galacto- 


pyranosyl]-8-D-glucopyranoside (47) 


Freshly prepared sodium methoxide in methanol (0.5 mL, 
0.5 mmol) was added to a solution of compound 46 (548 mg, 
0.357 mmol) in anhydrous methanol (25 mL) and stirred at 
room temperature under dry nitrogen atmosphere for 4 h. 
After neutralization with IRA-120H~ resin, the solution was 
evaporated to get a colorless residue (350 mg, 91.6% yield). 

‘Henmr (CD,0D) 6: 8.1 - 7.81 (m, 4H, phthalimido), 


Se egal Helen, 200 guz) 2949S MOG, tt, oH 3:-, 
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Helene oe Del sol epee ly = Sea (remaining  pyranose 
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8-Methoxycarbonyloctyl 4-0-[4-0-{2-acetamido-2-deoxy- 
3-O- (8-D-galactopyranosyl) -8-D-galactopyranosyl }-8-D- 


galactopyranosyl]-8-D-glucopyranoside (9) 


~ 


A solution of compound aT NS 5 0%mg7" 0.057 mee) and 
95% hydrazine hydrate (~120 uL) in methanol (20 mL) was 
refluxed for 8 h. Solvent removal left a syrup which was 
redissolved in methanol (5 mL) containing acetic anhydride 
(1 ML) and stirred at room temperature for 3 h. The solu- 
tion was then evaporated to dryness and dissolved in water 
(5 mL). The precipitate formed was filtered and the solu- 
tion was concentrated to 2 mL and filtered through a P-2 
Biogel column and eluted with water-ethanol (9:1). Lypho- 
philvzation, Of the -£irst main fractions. gave a colorless 
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powcer (215mg, 61.3% yrekd)y, [a], eee, BORE. 
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Orraglycon,-excepe He2imanGd i-2)'), "S55 Gd, lH, aH 2), 
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= = e ’ v ia i Ze 
Jy 1 = 7-7 Hz, Jy 4 = 8-2 Hz), 2.4 (t, 2H, CH)-COOCHS) 1 
(8H; GH] of "N-acetyl) 7 2.68 - 1.38 (remaining 12H of aglycon) . 
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n-Propyl. 2-acetamido-2-deoxy-3-0-8-D-galactopynanosyl- 


8B-D-galactopyranoside (49) 


A solution of compound 38 (46 mg, 0.11 mmol) in methanol 
(4 mL) containing Palladium on carbon (103%, 10 mg) was stir- 
red under an atmosphere of hydrogen for 3h. The reaction 
mixture was filtered and evaporated to dryness. The residue 
(38 mg) was taken up in a mixture of methanol-acetic 
anhydride (10:1, 1 mL): and stirred at room temperature for 
Sh. Examination of the; reaction mixture at this time 
(EtOAC-EtOH-H 0, 16:8:5) indicated the presence of a single 
compound. It was then evaporated to a dry residue which 
was redissolved in water and freeze-dried. This afforded 


a colorless material (40 mg, 0.09 mmol, 89% yield) which 


was identified as the desired compound by SH and ea ntice 
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